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EXECUTIVE SUMMARY

This section summarizes the Phase IA Report on the RCRA Facility Investigation 

(RFI) for the CIBA-GEIGY facility at Cranston, Rhode Island.

OVERVIEW

Phase IA of the RFI was conducted primarily in July and August 1990 and involved 

four studies:

o a geophysical investigation;

o a geological investigation;

o a hydrogeological investigation; and

o a hydrological investigation.

Goals of Phase IA

Overall, the Phase IA studies were conducted:

o to evaluate contaminant migration pathways at and near the facility; 

o to characterize ground water conditions at the facility; 

o to characterize the geology, including the subsurface features and obstructions, 

at the facility; and

o to characterize the Pawtuxet River and its potential for transporting 

site-related contamination.

All these goals serve to fine-tune the Release Characterization Program - Phase IB of the 

RCRA Facility Investigation - and are elaborated in Section 1.3 of the Report.
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Impact of Phase IA

As a result of the findings from the four Phase IA investigations:

o no major changes to the RFI Work Plan will be required; and

o no work will be deleted from the Work Plan; but

. o some additional work will be required to characterize the site stratigraphy and

ground water hydraulics further.

Data Collected But Not Used in this Report

Some supplementary physicochemical data collection occurred during Phase IA as 

an adjunct to the investigations. These supplementary data collected in Phase IA will be 

carried forward and compared with data collected in Phase IB. These supplementary data 

include:

o headspace analysis (field screening) of soil samples;

o cation exchange capacity, total organic carbon, and Ph of soil and sediment 

samples; and

o collection of undisturbed samples for hydraulic conductivity, bulk density, 

porosity, and grain size.

Even though not specifically part of the Physical Characterization, the results of the 

headspace analysis suggested the following minor change in the Phase IB Work Plan:

o Soil samples from a new boring near P-21D will be analyzed for Appendix IX 

volatile organic compounds in order to investigate further the anomalous 

headspace results detected in samples from P-21D.

This change to the Work Plan is discussed in Section 1 of this Report.
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limitations of the Phase IA Geotechnical Data

As part of the Phase IA investigation, soil and riverbed sediment samples were 

obtained and submitted for geotechnical analyses (e.g., grain size, porosity, bulk density, and 

hydraulic conductivity). Although the geotechnical data from those analyses are reported 

in this document, some of the samples were not analyzed according to the procedures 

described in the project QA/QC Plan. Specific nonconformances included:

o validation (through reasonableness) of results not performed by the 

laboratory;

o grain size analyses not performed according to the ASTM sieves procedures 

specified in the QA/QC Plan; and,

o selected undisturbed soil samples were re-molded prior to analysis.

Because of these departures from the approved QA/QC procedures, some of the

geotechnical data is suspect. These suspect data created data gaps in the Phase IA

investigation; these data gaps will be resolved in Phase IB. Corrective actions have been 

established to correct these deficiencies in future sampling.

Organization of this Executive Summary

The rest of this executive summary provides additional details supporting these 

conclusions, organized around the geophysical, geological, hydrogeological, and hydrological 

investigations conducted in Phase IA. Each investigation is described briefly by addressing 

these topics:

o the purposes of the investigation;

o the results of the investigation; and

o the impact of the investigation on the Phase IB Work Plan (if any).
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Sections of the Report that provide details on each topic are referenced throughout this 

summary.

THE GEOPHYSICAL INVESTIGATION

The geophysical investigation entailed three surveys — a seismic refraction survey, an 

electrical resistivity survey, and a ground-penetrating radar survey.

Purposes of the Geophysical Investigation

Both the seismic refraction survey and the electrical resistivity survey were 

performed:

o to evaluate the depth to bedrock;

o to evaluate the depth to the saturated zone;

o to evaluate depths and thicknesses of the stratigraphic units within the 

overburden; and

o to corroborate data collected from the drilling program in the geological 

investigation.

The ground-penetrating radar survey was performed:

o to locate and map shallow subsurface features (e.g., foundations, utilities, 

trenches) at the facility that could affect ground water flow and/or 

contaminant migration; and

o to evaluate shallow unconsolidated deposits at the facility.

The methods and analyses used in performing the three surveys in the geophysical 

investigation are described in detail in Section 2.3 of the Report.
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Results of the Geophysical Investigation

The geophysical investigation provided the following information:

o The depth to bedrock beneath the facility averages 50 to 60 feet,

o The average depths to bedrock in the three study areas of the facility were as

follows:

- Production Area: 50 to 60 feet below land surface;

- Waste Water Treatment Area: 45 to 60 feet below land surface; and

- Warwick Area: 60 feet below land surface.

o A dense till of varying thickness overlies the bedrock, 

o The average thicknesses of till in the three study areas of the facility were as 

follows:

-- Production Area: 10 to 15 feet;

- Waste Water Treatment Area: 10 to 30 feet; and 

-- Warwick Area: 20 to 30 feet.

o The overburden deposits - consisting of fine silts, sands, clays, and some 

gravels - were characterized by gradational facies changes both horizontally 

and vertically.

o The ground-penetrating radar survey did not locate any significant subsurface 

features at the site that could affect ground water flow and/or contaminant 

migration.

o The electrical resistivity survey was more effective than the seismic refraction 

survey in discriminating bedrock, till, and individual units of the overburden 

deposits.

The results obtained from the geophysical investigation are described in Section 2.4 

and discussed in Section 2.5 of this Report.

CG-EXSUM 5



THE GEOLOGICAL INVESTIGATION

The geological investigation entailed three activities — a literature review, field 

mapping of bedrock exposures, and an on-site geological characterization.

Purposes of the Geological Investigation

Both the literature review and the field mapping of bedrock exposures were 

conducted to characterize the geological environment of the region, the locale, and the 

facility itself. The on-site geological characterization program included drilling and sampling 

subsurface sediments and bedrock. Data from the drilling program were used to evaluate 

the overburden stratigraphy and rock lithologies. Bedrock cores were evaluated and 

correlated with off-site exposures; sediment samples were tested for physical properties that 

could affect contaminant migration, and also were field-screened for volatile organic 

compounds.

The methods and analyses used in performing the three tasks in the geological 

investigation are described in detail in Section 3.3 of the Report.

Results of the Geological Investigation

The geological investigation provided the following information:

o Bedrock beneath the facility consists of partially metamorphosed sandstones 

and shales, consistent with lithologies observed in of the Rhode Island 

Formation.

o Till was encountered (overlying bedrock) in several borings, 

o The variable nature of the overburden deposits is consistent with a 

glaciofluvial and/or fluvial deposition.
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o The overburden deposits are more complex than had been anticipated based 

on both preliminary results and previous data. Individual sediment units 

appear to be discontinuous both vertically and horizontally.

o High correlations were found between data from borings and data from the 

electrical resistivity survey.

o The till and bedrock have similar seismic velocities and could not be 

distinguished by the seismic refraction survey. Higher-density deposits overlie 

lower-density deposits in some areas, so the seismic refraction method is less 

effective in differentiating the overburden, till, and bedrock.

o The site geology is much more complex than had been anticipated, and the 

geological conceptual model of the site is not yet fully developed.

The results obtained from the geological investigation are described in Section 3.4 

and discussed in Section 3.5 of this Report.

Impact of the Geological Investigation

The results of the geological investigation revealed data gaps that require additional 

work (not included in the RFI Work Plan), and also suggested one change to the Phase IB 

Work Plan. No work will be deleted from the Work Plan.

The geological investigation revealed the following data gaps which must be 

addressed by additional work:

o The facility's overburden stratigraphy must be defined better. To do so, 

three additional continuous sample borings will be advanced to the top of 

rock. One boring will be located in the northwest corner of the Waste Water 

Treatment Area; the other borings will be located in the western section of 

the Warwick Area.
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o The overburden hvdrostratigraphic conditions at the facility must be defined 

better. To do so, two additional continuous sample borings will be advanced 

off-site - one north and the other west of the Waste Water Treatment Area. 

Both borings will be advanced to the top of rock, 

o The grain size distribution of soil samples must be differentiated better. To 

do so, every second soil sample from borings advanced in Phase IB will be 

analyzed for grain size to differentiate between fine-grained (silts) and very 

fine-grained (clay) materials.

o Soil samples must be classified better. To do so, all soil samples submitted 

for geotechnical analysis in Phase IB also will be tested for Atterberg limits 

and moisture content.

These recommendations for additional work are described in Section 6.4 of this Report.

THE HYDROGEOLOGICAL INVESTIGATION

The hydrogeological investigation entailed three activities — installing bedrock 

monitoring wells and overburden piezometers, monitoring ground water levels, and slug 

testing new wells and piezometers.

Purposes of the Hydrogeological Investigation

Installing bedrock monitoring wells and overburden piezometers was performed:

o to characterize the aquifer zones;

o to determine ground water flow directions and gradients; and 

o to identify aquifer types and boundaries.

Ground water level monitoring was performed to evaluate variations in ground water 

elevation. Slug testing new wells and piezometers was performed to evaluate the hydraulic
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conductivities of the stratigraphic units. Data from the hydrogeological investigation will be 

used to select monitoring well locations for the Release- Characterization Program (i.e., 

Phase IB).

The methods and analyses used in performing the three tasks in the hydrogeological 

investigation are described in detail in Section 4.3 of the Report.

Results of the Hydrogeological Investigation

The hydrogeological investigation provided the following information:

o The bedrock aquifer appears to be confined, but the direction of ground water 

flow could not be determined.

o There are significant upward potential gradients within the overburden, 

o The apparent horizontal potential gradients were determined as follows:

- bedrock aquifer: 0.003 to 0.005;

-- deep overburden aquifer: 0.02 to 0.1; and

- shallow overburden aquifer: 0.013 to 0.1.

The results obtained from the hydrogeological investigation are described in 

Section 4.4 and discussed in Section 4.5 of this Report.

Impact of the Hydrogeological Investigation

The hydrogeological investigation revealed data gaps that require additional work 

(not included in the RFI Work Plan) and also suggested changes to the Phase IB Work 

Plan. No work will be deleted from the Work Plan.

The hydrogeological investigation revealed the following data gaps which must be 

addressed by additional work:
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o The ground water flow patterns, hydraulic gradients, and formation 

permeabilities of the underlying strata must be characterized better. To do 

so, new stratigraphic borings (off-site) will be completed as deep piezometers. 

Shallow monitoring wells will also be installed to evaluate background water 

quality at these locations. On-site stratigraphic borings will also be completed 

as deep piezometers. A shallow piezometer will also be installed to establish 

a nested piezometer pair at one boring location.

o The site hydraulics must be evaluated better. To do so, the following tasks 

will be performed:

- In Phase IB, all existing monitoring wells and piezometers will be 

rehabilitated, as appropriate.

- Water level measurements will be taken monthly, not quarterly.

-- Long-term automatic ground water level data logging will be performed in 

a few selected wells in the Production Area.

-- Small scale (i.e., short-duration, low rate) step drawdown tests will be 

performed in the Production Area.

- Short-term constant rate pump tests will be performed on selected wells 

in the Production Area. The rate and duration for the tests will be 

determined based on the results of the step drawdown tests.

These recommendations for additional work are described in Section 6.4 of this Report.

The results of the hydrogeological investigation also suggested changes in the Phase 

IB Work Plan:

o Minor locational changes will be made for monitoring wells intended to be 

downgradient of specific releases, based on our current (9/13/90) water table 

contour map.
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o Changes will be made to screen settings based on our understanding of the 

complex stratigraphy at the site and on the boring data now available.

These changes to the work plan are discussed in Section 6.3 of this Report.

THE HYDROLOGICAL INVESTIGATION

The hydrological investigation entailed five activities - a literature review, a 

bathymetric survey, water discharge monitoring, sediment discharge monitoring, and riverbed 

sediment sampling and analysis.

Purposes of the Hydrological Investigation

The literature review was performed to provide background information concerning 

the Pawtuxet River and to evaluate the surface water bodies potentially affected by past 

facility releases. The bathymetric survey was conducted to evaluate potential riverbed 

sediment depositional areas. Water discharge monitoring was performed to determine if 

ground water discharge from the facility is quantifiable. Sediment discharge monitoring was 

performed to evaluate the transport of suspended sediment. Riverbed sediment sampling 

and analysis were performed to measure physicochemical parameters that affect bedload 

transport.

The methods and analyses used in performing the five tasks in the hydrological 

investigation are described in detail in Section 5.3 of the Report.
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Results of the Hydrological Investigation

The hydrological investigation provided the following information: 

o Discharge values calculated from the three discharge monitoring events fall 

within the 30th through 70th percentiles range of the discharge frequency 

statistic reported for the USGS gauge at Cranston, Rhode Island, 

o Working rating curves were developed for the transects at the site, 

o Relatively low concentrations of suspended sediment were detected at both 

transects under all three observed flow conditions, 

o Bed sediment is primarily sands and gravels, except along the bulkhead where 

the samples were finer-grained.

o No bedforms having amplitudes greater than six inches were observed,

o The Froude number calculated for the maximum flow rate observed indicates

that the observed river conditions are within the lower flow regime. 

Therefore, bedload sediment transport rates appear to be low under the 

conditions observed. The monitoring events did not include flood conditions.

The results obtained from the hydrological investigation are described in Section 5.4 

and discussed in Section 5.5 of the Report.

CG-EXSUM 12



Section One



SECTION 1 

INTRODUCTION

1.1 OVERVIEW

This report summarizes information pertaining to Phase IA of the RCRA Facility 

Investigation for the CIBA-GEIGY facility in Cranston, Rhode Island. This section 

describes the history of the project and facility (Section 1.2), the goals of Phase IA (Section 

1.3), mobilization for Phase IA (Section 1.4), and the organization of the rest of this report 

(Section 1.5). A summary concludes this section.

1.2 HISTORY

The history of this project and of the CIBA-GEIGY facility at Cranston, Rhode 

Island, are described here.

1.2.1 History of the Project

A draft Administrative Order on Consent (hereafter simply called the Order) 

requiring a RCRA Corrective Action Study at the Cranston facility was issued to CIBA- 

GEIGY on 30 September 1988. After negotiations and evaluation of public comments, the 

Order was signed by CIBA-GEIGY on 9 June 1989 and became effective on 16 June 1989.

The RCRA Corrective Action Process has four stages:

1) RCRA Facility Assessment;

2) RCRA Facility Investigation;

3) Corrective Measures Study Proposal; and

4) Corrective Measures Study Report.
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USEPA conducted the RCRA Facility Assessment (hereafter simply called the 

Facility Assessment) of the site in 1987. The Facility Assessment included a review of 

background data, a site reconnaissance, and a sampling visit. Data were evaluated to make 

initial determinations on past facility releases. The results of the Facility Assessment appear 

in the "Final RFA Report, CIBA-GEIGY, RCRA Facility Assessment" (1988).

In 1988, additional studies were conducted by CIBA-GEIGY. A Preliminary 

Investigation of the facility was performed both to provide initial data on the facility's 

physical environment and to characterize selected past facility releases. The Preliminary 

Investigation was not required by the Order; rather, it was performed to provide the data 

needed to negotiate a comprehensive and site-specific Order. The results of the Preliminary 

Investigation are summarized in the Current Assessment Summary Report of the RCRA 

Facility Investigation Proposal (Volume 1, Chapter 1).

The RCRA Facility Investigation (hereafter, the Facility Investigation) is the second 

stage of the RCRA Corrective Action Process. The Facility Investigation characterizes the 

impact of known and/or suspected releases that were determined to require further action 

by the Facility Assessment. The Facility Investigation has two field investigation phases 

(Phase I and Phase II).

Phase I will be performed in two parts -- Phase LA and Phase IB. This approach 

provides an interim deliverable (the Phase IA Report). The Phase IA Report is not 

required by the Order. This phased approach, proposed by CIBA-GEIGY, provides for 

additional USEPA guidance throughout the process. In Phase IA, studies were conducted 

to characterize the facility's physical environment more completely. The results of these 

studies, along with modifications to the sampling strategies proposed for the Phase IB 

investigation, are the subject of this document. The Phase IB investigation will begin after 

USEPA reviews and approves this Phase IA Report.
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Phase II of the Facility Investigation entails additional site characterization tasks and 

additional sampling of all media of concern. Media Protection Standards also will be 

proposed.

The third and fourth stages of the Corrective Action Process are the Corrective 

Measures Study (CMS) Proposal and the Corrective Measures Study (CMS) Report. 

Corrective measures to be evaluated for achieving the Media Protection Standards, and the 

justification for their selection, will be presented in the CMS Proposal. An assessment of 

the corrective measures proposed to meet the Media Protection Standards will be presented 

in the CMS Report.

1.2.2 History of the Facility

Chemical manufacturing occurred at the facility from 1930 to 1986. Until 1954, the 

Alrose Chemical Company occupied part of the present plant site. In 1954, the GEIGY 

Chemical Company of New York purchased the facility from the Alrose Chemical Company 

to operate as its new chemical manufacturing plant. In 1970, the GEIGY Chemical 

Company merged with Ciba Corporation of New Jersey to form the CIBA-GEIGY 

Corporation (incorporated in the State of New York). After the merger, the Cranston plant 

was used as a production facility for manufacturing organic chemicals on a batch basis. 

Major product categories (and the decades in which they were produced) included:

1950s - agricultural products, and leather and textile auxiliaries 

1960s - plastics additives, optical brighteners, pharmaceuticals, and textile auxiliaries 

1970s - pharmaceuticals, agricultural products, plastics additives, textile auxiliaries, 

and bacteriostats

1980s - pharmaceuticals and plastics additives

In January 1984, CIBA-GEIGY announced plans for a gradual phase-out of the 

Cranston plant as part of an overall consolidation of CIBA-GEIGY's chemical
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manufacturing operations. As of May 1986, CIBA-GEIGY had ceased all chemical 

manufacturing operations at the facility and began decommissioning and razing the plant.

1.2.3 Solid Waste Management Units (SWMUsY. Areas of Concern (AOCs). and

Additional Areas of Investigation (AAOIs)

Based on information submitted by CIBA-GEIGY to the USEPA and on information 

gathered by the USEPA (including the Facility Assessment), twelve SWMUs and two AOCs 

have been identified at the facility. Information about these SWMUs and AOCs is 

summarized in Table 1-1. The locations of the SWMUs and AOCs, and the media to be 

investigated for each, are shown on Figure 1-1.

CIBA-GEIGY has identified two Additional Areas of Investigation (AAOIs) for 

completeness of study. No releases from those AAOIs are known, but the potential for a 

release may have existed in the past. The Additional Areas of Investigation have been 

designated AAOI-15 (the Laboratory Building Waste Water Sump) and AAOI-16 (the 

Maintenance Department Cleaning Area). Information on the AAOIs also is summarized 

in Table 1-1 and shown on Figure 1-1.

Details on the history of the project and the facility, and on past known and 

suspected facility releases, are provided in the Current Assessment Summary Report of the 

RCRA Facility Investigation Proposal (Volume 1, Chapter 1).

1.3 GOALS OF PHASE IA

The Preliminary Investigation of the Cranston facility was conducted by CIBA- 

GEIGY to develop an initial physical model of the site. Review and evaluation of the 

information from the Preliminary Investigation revealed data gaps. In Phase LA, additional 

studies were conducted to supplement existing data about the site and to provide a better 

understanding of the facility’s physical environment. Some supplementary physicochemical
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data were collected in Phase IA but were not used in this report. These data will be carried 

forward and compared to data collected in Phase IB.

Phase IA included four investigations -- geophysical, geological, hydrogeological, and 

hydrological. Evaluating the results of the Phase IA investigations permitted refining the 

sampling strategies proposed for the Release Characterization Study (Phase IB). The 

objectives for the Phase IA investigations are described here.

Geophysical Investigation. Three geophysical surveys were performed to 

characterize the subsurface conditions at the site. Two of the surveys -- a seismic refraction 

and an electrical resistivity survey - were performed to evaluate the depth of bedrock, the 

depth of the saturated zone, and the depths and thicknesses of the stratigraphic units within 

the overburden. Data from these two surveys also were compared with information 

collected from the drilling program (part of the Geological Investigation). A ground- 

penetrating radar (GPR) survey also was performed at the facility to locate shallow 

subsurface features that could affect ground water flow or contaminant migration. Data 

collected in the GPR survey were used to locate and map the site's subsurface features (e.g., 

foundations, utilities, and trenches) and to evaluate the facility's shallow unconsolidated 

deposits.

Geological Investigation. Three activities were performed to characterize the 

regional, local, and facility geological environments. Two activities - a literature review and 

field mapping of bedrock exposures - were conducted to characterize the regional and local 

geomorphology, surficial geology, bedrock lithology, and bedrock structure. Data from these 

two activities were used both to develop a model of the area and to assess the facility- 

specific geological characteristics. The third activity - on-site geological characterization - 

- included drilling and sampling subsurface soils and bedrock. The data from this activity 

were used to evaluate the overburden stratigraphy and rock lithologies. Bedrock cores were 

evaluated and correlated with off-site exposures. Soil samples were tested in the laboratory
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for physical properties that could affect contaminant mobility, and also were screened in the 

field for volatile organic compounds.

Hydrogeological Investigation. Three activities were performed to evaluate the 

facility's hydrogeological conditions. First, bedrock monitoring wells and overburden 

piezometers were installed to characterize the bedrock and water table aquifers, to 

determine ground water flow directions and gradients, and to identify aquifer types and 

boundaries. Second, water levels were monitored to evaluate variations in ground water 

flow. Third, new wells and piezometers were slug tested to evaluate the hydraulic 

conductivities of the stratigraphic units. Data from all three activities were used to select 

monitoring well locations for the Release Characterization Study (Phase IB).

Hydrological Investigation. Five activities were performed to evaluate the physical 

environment of the Pawtuxet River. First, a map study review was conducted to identify the 

surface water bodies potentially affected by past facility releases. Second, a bathymetric 

survey was performed to evaluate riverbed cross-sections and possibly sediment depositional 

areas. Third, water discharge monitoring was performed to determine if ground water 

discharge from the facility is quantifiable. Fourth, sediment discharge monitoring was 

performed to evaluate suspended sediment transport. Fifth, riverbed sediments were 

sampled and analyzed for physicochemical parameters.

1.4 PHASE IA MOBILIZATION

This section describes the mobilization activities that were performed before 

beginning the Phase IA field investigations. In general, subcontractors were hired, the site 

was staged to accommodate the investigation, and the scope of work was established. The 

specific mobilization activities were as follows:

o A field office was established at the Cranston facility. Contractors were hired, 

permits were obtained, and part of the existing warehouse was refurbished as
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a field office. The necessary utilities (e.g., electrical, water, telephone) also 

were installed.
, i \, _

o A drilling contractor was selected and scheduled. The scope of work was 

determined, well materials were obtained, and subsurface utilities were 

located.

o The scope of analytical work was established with the laboratory. Bottle sets 

were ordered and lab time was scheduled, 

o Health and safety training was scheduled and conducted for the GPR 

contractor, CIBA-GEIGY employees, and field support contractors, 

o The site was gridded for the GPR survey. A 10-by-10 foot grid was 

established in the Production Area; a 20-by-20 foot grid was established in the 

Waste Water Treatment and Warwick areas, 

o A blasting contractor was hired to detonate charges for the seismic refraction 

survey. Blasting permits were obtained from the cities of Cranston and 

Warwick.

o Decontamination pads were designed and built in each of the three study 

areas. Three two-thousand gallon storage tanks were ordered, built, and 

installed at each of the decontamination pads. These tanks will be used to 

store drilling fluids, decontamination water, purge water, and development 

water temporarily until disposal options have been selected, 

o River transects were established on the banks of the Pawtuxet River for both 

the bathymetric survey and the water discharge monitoring events, 

o The contractors for the river investigation were selected and scheduled, 

o Finally, the scope of work for the Phase IA investigation was finalized with 

USEPA.

1.5 ORGANIZATION OF THIS REPORT

The next four sections of this report describe the geophysical investigation (Section

2), the geological investigation (Section 3), the hydrogeological investigation (Section 4), and
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the hydrological investigation (Section 5). The objectives, methods and analyses, and results 

obtained are presented for each investigation, along with a discussion of the results. 

Conclusions, impact of the results from these four Phase IA investigations, and 

recommendations are presented in Section 6. When reading this document, please note the 

following:

o Terms, acronyms, and abbreviations are defined in Appendix A. 

o The figures in this document reflect the best information about the facility 

and its environs that is currently available from the listed sources, 

o Tables and figures are numbered within each section, 

o Tables and figures appear following the text for a section. Tables appear first; 

some tables have multiple pages. Figures appear after the tables.

1.6 SUMMARY

This section reviewed the history of both the project and the facility, along with the 

goals of Phase IA. Mobilization efforts in Phase IA were summarized, and the organization 

of the rest of this report was presented. The next section describes the Phase IA 

geophysical investigation.
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TABLE 1-1

SOLID HASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

Solid Waste Managment Units (SWMUs)

1 Hazardous waste Warwick Area 1981-1986

storage area

2 6000-gallon Production Area 1981-1986
hazardous waste 
storage tank

3 7500-gallon, Production Area 1985-1986
90-day accumulation 

tank

Northing:
248,975
Easting:
524,935

Northing:
249,130
Easting
523,860

Northing:
249,110
Easting:

523,890

The hazardous waste storage area was designed for a maximum 
capacity storage of 768 55-gallon drums. Typically, this unit 
contained 300 to 400 drums. Various wastes were stored within 
this unit including: flammable liquids and solids, corrosive 
liquid and solids, organic mixtures and solids, non-hazardous 
organic mixtures and chloroform. The area was asphalt lined, 
diked and surrounded by a 6 ft high chain-link fence. The storage 
area was approximately 42 ft by 58 ft. The dike was capable of 
holding 48,000 gallons.

The 6000-gal Ion above ground tank was used to provide storage of 
process wastes containing acetone, toluene, monochlorobenzene, 
isopropanol, naptha, xylene, heptane, methanol and water. The 
carbon steel tank was 17 ft high, had a diameter of 8 ft, and was 
enclosed by an 8000-gallon capacity dike (14.5 ft x 19 ft x 4 ft 

high).

The vertical above ground tank, which had a capacity of 7500 
gallons, was used to store flammable liquids for periods of less 
than 90 days. The stainless steel tank was 17 ft high, had a 
diameter of 8.5 ft, and was enclosed by a 25,000-gallon dike 
(approximately 28 ft x 29 ft x 4 ft high).

AM90-613T1

29 March 1990
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TABLE 1-1 (Continued)

SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

4

5

6

7

8

Trash compactor 
station

River sediment 
storage area

Zinc oxide/soiI 
pile

ChlorosulfonIc 
acid spill area

Prussian Blue 
spill area

Production Area 1972-1986 Northing:
249,050
Easting:
524,010

The trash compactor station had two compactors of 30 and 
55 cubic yard capacity, and only handled packaging material 
paper wastes and washed fiber drums. The trash compactor area 
(21 ft x 36 ft) was concrete lined and drained to the waste water 

treatment plant.

Warwick Area 1971-1976 Northing: Approximately 6630 cubic yards of sediment dredged from the
249,020 Pawtuxet River was piled in this area. The sediment was dredged
Easting: as part of the removal of the original cofferdam/waste water
525,220 outfall. The sediment was removed from the site in 1976. The

natural grade of this area was restored in 1977.

Warwick Area Late 1960's Northing: Approximately 25 cubic yards of soil containing about 10 percent

to present 248,920 zinc oxide residue exists on site. The zinc oxide residue was
Easting: from an incident involving a broken railcar. The soil pile is
524,615 approximately 50 ft long by 7 ft wide by 2 ft high.

Production Area 1961 Northing:
249,080
Easting:
523,955

Approximately 500 gallons of chlorosuIfonic acid were spilled over 
an area about 10 ft x 20 ft.

Production Area 1956 Northing:
248,975
Easting:
523,990

Blue-stained soil, believed to be from Prussian Blue,
resulted from a spill of unknown quantity. About 300 cubic yards
of that soil were excavated and subsequently removed.

AM90-613T1 
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TABLE 1-1 (Continued)

SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

9 Waste water
pi peline break

Warwick Area 12 Jan 1982 Northing:
249,010
Easting:
524,840

10 Waste water
pipe!ine break

Waste Water 7 Sept 1983 Northing:
Treatment Area 249,575

Easting:
524,955

11 Toluene spill area Production Area 1983

12 Waste water
treatment plant

Waste Water ,1970-1983
Treatment Area

Northing:
248,990
Easting:
523,770

Northing: 
249,405 
Easting: 
525,015

A break in the main raw waste transfer line resulted in the 
discharge of about 24,000 gallons of waste water. The waste water 
entered the surface water runoff catchment system and discharged 
to the Pawtuxet River. The waste water typically contained 
halogenated and non-ha Iogenated solvents and other organic 
compounds routinely used in the chemical manufacturing'process.

A break in an underground waste water line resulted in a discharge 
of about 50,000 gallons. The discharge flowed into a small on-site 
pond and then diverted to the Pawtuxet River. The pH of the released 
waste water was 8.5; the chemical oxygen demand (COD) was 1010 ppm'.'~:sit 

This discharge contained acetone (31 pounds), isopropyl alcohol (45 
pounds), toluene (7 pounds), xylene (1.7 pounds), zinc (0.25 pounds), 
and nitrobenzene (0.125 pounds).

The estimated loss of toluene associated with this SWMU is 
between 9 and 90 pounds. The loss occurred via'a subsurface sump 
associated with Building 11.

This area formerly was occupied by the waste water treatment 
plant. Biological trickling towers were used and periodic sump 
overflows from these towers resulted in discharges to the river. 
Influent to the trickling towers rountinely contained volatile and 
semi-volatile organic compounds. Additional releases from SWMU-12 

in excess of the NPDES permit requirements have been reported for 
zinc, BOD, and phenols. For two releases, chloroform was 
discharged to the river.

AM90-613T1

29 March 1990
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TABLE 1-1 (Continued)

SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

Areas of Concern AOCs:

13 Process building area Production Area

14 Atlantic Tubing and Adjacent to and
Rubber Company and west of the

property Production Area

Additional Areas of Investigation (AAOIs):

15 Laboratory building Production Area

waste water sump

16 Maintenance Warwick Area

department cleaning 

area

1930-1986

1981-present

1961-1987

mid 1960s-1986

Area in which most of the production activities occurred. 

This property was never used or developed by CIBA-GEIGY,

The sump functioned as part of normal operations within the 
laboratory building. The gravity sump drained to sewer tines 
that discharged to the POTW.

Area in which steam cleaning of maintenance equipment occurred, 
Rinse water drained to nearby surface water catch basin.

NOTE: CIRA-GEIGY has identified the two Additional Areas of Investigation; no releases are known, but the potential for a past release existed.

AM90-613T1

29 March 1990
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SECTION 2

GEOPHYSICAL INVESTIGATION

2.1 OVERVIEW

Geophysical investigation techniques provide relatively quick and non-invasive 

preliminary reconnaissance methods for locating and evaluating physical and 

chemical subsurface features where actual excavation of the ground may be 

undesirable or potentially dangerous. Geophysical methods have been helpful in 

deciding where to concentrate investigative cleanup efforts on sites requiring RCRA 

Facility Investigations (Barinaga, 1990; Benson, et al., 1985).

This section of the Phase IA Report describes the geophysical investigation. 

Section 2.2 describes the types of geophysical surveys used and their specific 

objectives. Section 2.3 discusses the methods and analyses used in each survey. 

Section 2.4 presents the results of each survey. Section 2.5 discusses these results. 

Section 2.6 summarizes the results of the geophysical surveys. Detailed discussions 

of the analyses and results from each survey are presented in Appendix B. Computer 

output of the geophysical analyses is presented in Appendix C.

2.2 INTRODUCTION AND OBJECTIVES

The geophysical investigation was conducted in accordance with the Facility 

Investigation Work Plan in Volume 1 of the RFI proposal. Three geophysical survey 

methods were used in this investigation -- seismic refraction, electrical resistivity, and 

ground-penetrating radar. All three survey methods were used in all three study areas 

at the site. The objectives of each geophysical method are described here.
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The seismic refraction survey was conducted to provide continuous profiles 

of the underlying soil and bedrock; the survey was conducted in October 1989 and 

July 1990. The electrical resistivity survey was conducted along the same traverses 

as the seismic refraction survey to evaluate the depth and thickness of the underlying 

stratigraphic units, to detect and locate the presence of perched water tables 

(anomalous aquifer properties), and to corroborate field data from the seismic 

refraction survey and the drilling program. The electrical resistivity survey was 

conducted in October 1989 and July 1990. The ground-penetrating radar survey was 

conducted in July 1990 to identify shallow natural and man-made subsurface features, 

if any, that might affect ground water flow, contaminant migration, or the choice of 

shallow sampling methods.

2.3 METHODS AND ANALYSES

The methods and analyses used for each of the three surveys are described

here.

2.3.1 Seismic Refraction Survey

The seismic refraction survey used the following method and analyses.

Method

Seismic refraction is a reconnaissance tool used to determine the thicknesses 

and depths of geologic layers and their respective soil or rock types. The method 

relies on the fact that soil and rock have distinctive seismic wave velocity contrasts 

between bedding layers and that seismic wave velocity generally increases with 

depth. The method is most useful where soil and rock layers are flat-lying and the 

velocity contrast between layers is large, such as that between soil and bedrock. It
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is much less useful in areas where the sediment layers are interfingering or reworked 

through glaciofluvial processes, where the layers are tilted or deformed, or where the 

velocity decreases with depth in certain layers.

Seismic refraction data are obtained by imparting seismic source signals, or 

"shots", into the ground and measuring on a seismograph the travel time of direct 

and refracted compressional waves at geophones (motion sensors) spaced at regular 

intervals along a line on the surface. At a certain point along the line of geophones, 

the seismic wave that was partially refracted along the top of a faster layer will arrive 

before the direct wave. The distance from the shot to this point is related to the 

depth of the refracting layer because the travel time for the seismic wave is 

proportional to the compressional wave velocity of the refracting layer. The 

compressional wave velocity determined for each layer using seismic refraction can 

be correlated with its material properties, such as density and hardness. In turn, the 

soil or rock type is inferred from these material properties. For a more complete 

description of the seismic refraction method, refer to Dobrin (1976), Telford, et al. 

(1976), or Benson, et al. (1985).

The seismic source signal can be produced by hitting a steel plate on the 

ground with a sledge hammer, shooting a shotgun slug into the ground, or exploding 

small pieces of dynamite in shallow holes. This survey used dynamite as a source 

signal, detonated by a licensed blaster. For each shot, a zero-delay blasting cap was 

pushed into a small piece of dynamite, buried to a depth of one or two feet, and 

connected to a blasting box. An electrical signal from the blasting box exploded the 

cap and dynamite, and simultaneously started the seismograph timer. Generally, five 

shots were fired along each seismic line: one at each of the two ends of the line, one 

in the middle of the line, and one between the middle and each of the two end 

points.
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Each seismic line consisted of 12 Mark Products geophones generally 

positioned at 20-foot intervals. Some geophones were spaced closer together or 

farther apart to allow for obstructions (trees, brush, etc.). The geophones were 

connected by cable to a 12-channel EG&G Nimbus Signal Enhancement 

Seismograph which produced a hard-copy printout of the travel times to each 

geophone.

The survey used eleven seismic refraction lines to provide a continuous profile 

of subsurface geological units and the top of the underlying bedrock. The first seven 

lines were completed in October 1989; the other four lines were run in July 1990. 

Three seismic refraction lines were run in the Production Area, five were run in the 

Warwick Area, and three were run in the Waste Water Treatment Area. Figure 2-1 

shows the location of each line.

Analyses

The travel time data and time-distance plots for each seismic line, along with 

the elevations of all geophones and shots, were entered into the SIPT2 computer 

program (written by the U.S. Bureau of Mines). The computer program determined 

the velocity of each refracting layer using time-distance calculations and other 

procedures developed by Hobson (1966). Depths and thicknesses of identified 

refracting layers were derived using standard travel time analysis methods. The 

methods were refined, where possible, by iterative ray-tracing techniques (Scott, 

1972; Yacoub, 1970). The results were presented as cross-sections depicting the 

depths of the refracting layer(s) beneath each line. Geological data from borehole 

sampling were compared to the cross-sections to aid in data interpretation. (These 

comparisons are discussed in Section 3.0.)
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2.3.2 Electrical Resistivity Survey

The electrical resistivity survey used the following methods and analyses.

Method

Electrical resistivity is a reconnaissance tool used to determine the thicknesses 

and depths of geological layers and their respective soil or rock types. The method 

relies on the fact that soil and rock have distinctive electrical resistivity contrasts 

between bedding layers. The resistivity of soils and rocks depends on three factors 

(Telford, et al., 1976): 1) the amount of open space between particles (the porosity), 

2) the degree of interconnection among these open spaces (the effective porosity), 

and 3) the amount and conductivity of the water contained in the interconnected 

spaces (the pore water content and pore water conductivity). In general, electrical 

resistivity is inversely related to porosity, pore water content, and pore water 

conductivity (salinity) - resistivity decreases as these quantities increase. The 

method is most useful where there is a large contrast in porosity or pore water 

conductivity between layers (such as between soil and bedrock), between soils above 

and below the water table, or between sands and clays. The method is much less 

useful in areas with thick clay layers or in areas with layers having very high or very 

low resistivity - these types of layers can mask the lower layers. The pore water 

conductivity in the soil or rock is the single most important factor determining 

resistivity.

Electrical resistivity data are obtained by applying a low-frequency or DC 

current between positive and negative steel electrodes hammered into the ground 

along a linear transect. For this investigation, four-electrode arrays were used: one 

pair for introducing the current into the ground (the "current electrodes"), and the 

other pair for measuring the potential (voltage) associated with the current (the
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"potential electrodes"). The current flows through the ground from the two current 

electrodes, and the resulting voltage is measured at the two potential electrodes. The 

electrode spacing is directly related to the depth of current penetration. The spacing 

of the electrodes along the transect is increased systematically to obtain a series of 

measurements of electrical resistivity at increasing depth. For a more complete 

description of the electrical resistivity method, refer to Dobrin (1976), Telford, et al. 

(1976), or Benson, et al. (1985).

The electrical resistivity survey was conducted using an ABEM Terrameter 

SAS-300 transmitter/receiver with appropriate steel stakes and cabling. A modified 

Schlumberger stake configuration was used (Telford, et al., 1976, p. 656-657). In this 

Schlumberger method, the current electrodes are spaced much farther apart than the 

potential electrodes, and the stake positions are moved out from a common center 

point. The survey used ten electrical resistivity transects to provide both a 

continuous profile of subsurface geological units and, when possible, the depths to 

the water table and the underlying bedrock. Six transects were performed in October 

1989; the other four transects were run in July 1990. Two electrical resistivity 

transects were run in the Production Area, five were run in the Warwick Area, and 

three were run in the Waste Water Treatment Area. Figure 2-1 shows the location 

of each transect. Note that two transects (6a and 6b) in the western part of the 

Warwick Area were on the same line.

Measurements were taken at up to 24 electrode spacings along each electrical 

resistivity transect. The maximum spacing of current electrodes allowed by the 

cabling is 480 feet, yielding a maximum depth of penetration of approximately 120 

feet. However, eight electrical resistivity transects in this survey (1, 2, 4, 5, 6a, 6b, 

9, and 11) were shorter than the maximum length of the cable.
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Analyses

The field data were entered into the KECKRES computer program (Keck 

Consulting Services, Inc., undated). The Keck correction (Keck, 1981) was used to 

correct the apparent resistivities obtained. This correction eliminates surface effects 

and accentuates deeper observations. Both the apparent resistivity and the corrected 

resistivity were plotted against depth. The corrected resistivity plots were interpreted 

in terms of probable soil and rock types. Geological data from borehole sampling 

were compared to the resistivity results to aid in data interpretation. (These 

comparisons are discussed in Section 3.0.)

2-3.3 Ground-Penetrating Radar Survey

The ground-penetrating radar survey used the following methods and 

procedures.

Method

Ground-penetrating radar (GPR) is a reconnaissance tool for locating natural 

and man-made subsurface features that may impede the flow of ground water, and 

for avoiding objects while drilling. The method relies on the fact that soil and rock 

layers (as well as other subsurface features that could affect ground water flow or 

contaminant migration) reflect radar from surfaces between layers having a high 

conductivity contrast. It is most useful in areas containing resistive materials (such 

as dry rocks, or clean sands that have been saturated with fresh water). It is much 

less useful in areas having conductive materials (such as clay or rocks with conductive 

pore fluid). GPR data are obtained by irradiating the ground with wide-band, 

very-high-frequency, short-duration radar pulses (on the order of nanoseconds) from 

a broad bandwidth transmitting antenna placed close to, and electromagnetically
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coupled with, the ground surface. The transmitting antenna is towed along the 

ground at a constant speed, and a 0.5 milliwatt signal pulse is radiated downward at 

a repetition rate of 50 kilohertz (Khz). The reflected signal is picked up by a 

receiving antenna. The reflected signals are amplified and processed, and 

subsequently printed on a high-speed scanning graphic recorder to permit observation 

and interpretation of the subsurface in real time. Travel times of the reflected pulses 

can be converted to. depths from which the pulses were reflected. By towing the 

transmitting antenna over the traverses (lines) of a rectangular grid, the size and 

orientation of the reflective subsurface features can be estimated.

This survey used a Geophysical Survey Systems SIR System 8 unit, which 

produced a continuous graphical record of the subsurface along each traverse on a 

high-speed graphic line scan recorder. The system was set to record reflections from 

travel times corresponding to depths of 0 to 10 feet. The transmitting antenna was 

towed behind a pickup truck when possible, but was pulled by hand in areas where 

the vehicle would have been unable to turn around. The GPR survey used three 

grids with lines running north-south and east-west. The Production Area was surveyed 

in a ten-foot grid. The Warwick and Waste Water Treatment areas were surveyed 

in twenty-foot grids. The grid survey work was performed by a licensed (subcontract) 

surveyor. Each of the three grids was tied into the Rhode Island survey grid by at 

least one point. Figures 2-2, 2-3, and 2-4 show the grids, starting points, and 

directions of traversal for the GPR surveys in the Production, Warwick, and Waste 

Water Treatment areas, respectively.

Analyses

The GPR data were interpreted and subsurface anomalies were identified and 

plotted on a map of each study area in two dimensions (depth and width of feature) 

for each transect. The third dimension (length of feature) was added by
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concatenating the two-dimensional information across transects. The GPR data were 

then compared to the facility's utility plans. Reflection patterns consistent with pipes, 

conduits, tanks, piles, and wells were identified, when possible, on a map of each 

study area.

2.4 RESULTS OBTAINED

A subsurface model was produced combining information from the geological 

investigation of the site (Section 3.0) and all the information available from the 

seismic refraction, electrical resistivity, and GPR surveys. The results from all three 

surveys are described here. Complete, detailed analyses for each of the surveys are 

presented in Appendix B.

2.4.1 Production Area

Results of the three seismic refraction lines run in the Production Area 

(Figures 2-5 through 2-7) indicate that bedrock probably lies at a depth averaging 

60 feet. Two of the three seismic lines (lines 1 and 8) did not differentiate bedrock, 

however. The bedrock may be overlain by a dense glacial till of varying thickness. 

A thick alluvium consisting of discontinuous and interfingering sands, clays, gravels, 

and silts overlies the till/bedrock.

Results of the two electrical resistivity soundings run in the Production Area 

(Figures 2-8 and 2-9) generally agree with the results of the seismic refraction survey. 

The data indicate that interbedded and discontinuous sands, clays, silts, and gravels 

extend from the surface down to a dense glacial till of varying thickness (up to, and 

in excess of 15 feet thick) that begins at depths as shallow as 30 feet and extends as 

deep as 60 feet. Bedrock appears to lie at depths of 50 to 60 feet.
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Results of the ground-penetrating radar survey (Figure 2-10) indicate that 

individual buried utilities could not be discriminated in this area. The numerous 

pipe-like anomalies that were located do not match the pipe locations shown on the 

utility maps. Slab-like anomalies generally agreed with foundations shown on the 

utility maps.

2.4.2 Warwick Area

Results of the five seismic refraction lines run in the Warwick Area (Figures 

2-11 through 2-15) indicate that bedrock lies at an average depth of 55 to 60 feet. 

Bedrock may be overlain by a dense glacial till of varying thickness. Alluvium 

consisting of interbedded and discontinuous sands, clays, silts, and gravels extends 

from the ground surface to the till.

Results of the five electrical resistivity soundings run in the Warwick Area 

(Figures 2-16 through 2-20) generally agree with the results of the seismic refraction 

survey. Bedrock appears to lie at depths of about 60 feet, and is overlain by a dense 

glacial till of varying thickness (up to about 30 feet thick). Interfingering and 

discontinuous alluvium consisting of sands, silts, clays, and gravels extends from the 

surface to the till.

Results of the ground-penetrating radar survey (Figure 2-21) indicate that 

individual buried utilities could not be discriminated in this area. The pipe-like 

anomalies that were located do not match the pipe locations shown on the utility 

maps. Slab-like anomalies generally agreed with foundations shown on the utility 

maps.
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2.4.3 . Waste Water Treatment Area

Results of the three seismic refraction lines run in the Waste Water 

Treatment Area (Figures 2-22 through 2-24) indicate that bedrock (layer 3) lies at 

depths of about 45 to 60 feet. Results generally indicate that a dense glacial till of 

varying thickness lies at depths ranging from about 25 to 50 feet. Alluvium overlies 

the till and consists of interbedded and discontinuous sands, clays, and gravels.

Results of the three electrical resistivity soundings run in the Waste Water 

Treatment Area (Figures 2-25 through 2-27) generally agree with the results of the 

seismic refraction survey, and indicate bedrock lying at depths of about 45 to 60 feet. 

Glacial till of varying thickness (10 to 30 feet thick) overlies the bedrock. 

Discontinuous and interfingering alluvium consisting of sands, clayey silts, silty clays, 

and gravels overlies the till.

Results of the ground-penetrating radar survey (Figure 2-28) indicate that 

individual buried utilities could not be discriminated in this area. The pipe-like 

anomalies that were located do not match the pipe locations shown on the utility 

maps. Slab-like anomalies generally agreed with foundations shown on the utility 

maps.

2.5 DISCUSSION

This section compares the results obtained from the seismic refraction and 

electrical resistivity surveys in the Production, Warwick, and Waste Water Treatment 

areas. Since the ground-penetrating radar survey only extended to a depth of 10 feet 

and no correlations could be made with mapped utilities, it will not be discussed 

further.
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23.1 Production Area

The seismic refraction and electrical resistivity data from the Production Area 

indicate the presence of glacial till of variable composition and thickness overlying 

bedrock. Interbedded sands, silts, gravels, and clays overlie the till with no apparent 

consistent horizontal layering. The data indicate that till is encountered at depths 

of 30 to 60 feet (Figures 2-8 and 2-9), with varying thickness. Bedrock is 

encountered below depths of 50 to 60 feet and may be weathered, jointed, or 

saturated with brackish water, based on the seismic velocities and electrical 

resistivities observed (see Appendix C). The dip of the till/bedrock surface (inferred 

from seismic layer 3 on Figure 2-7) is not considered realistic and is likely a function 

of possible reflection of the shot energy at the bulkhead.

2.5.2 Warwick Area

The data indicate that the upper 30 feet of soils are interbedded, laterally 

discontinuous sands, silts, and clays. The electrical resistivity data indicate the 

presence of till in varying thickness and composition. Weathered and jointed 

bedrock, or bedrock saturated with brackish water, is encountered at depths of about 

50 to 60 feet. The dips of till/bedrock surfaces (inferred from seismic layer 3 on 

Figures 2-11 through 2-14) may not be realistic; they are more likely a function of 

horizontal velocity variations in the overburden along each survey line.

•' *i . .

The electrical resistivity data for line 10 (Figure 2-20) indicate a thick 

sequence of interbedded soils to about 60 feet. The uniform resistivities below 60 

feet may indicate bedrock. The seismic data (Figure 2-15) show anomalously shallow 

depth to bedrock. This inconsistency may be due either to buried obstructions or to 

poor seating of the geophones along the line. The results of the electrical resistivity 

survey along line 10 are preferred to those of the seismic refraction survey.
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2.5.3 Waste Water Treatment Area

The electrical resistivity and seismic refraction data from the Waste Water 

Treatment Area are generally consistent with the geophysical survey data from the 

other two study areas. The upper 30 feet of overburden are characterized by 

interbedded, discontinuous sands, silts, and clays. Till is encountered between depths 

of about 30 to 50 feet, with the top of bedrock ranging from about 45 to 60 feet. 

Low resistivities in the bedrock may indicate saturation with brackish water.

Lines 2W and 3 are roughly parallel to one another (as shown in Figure 2-1) 

and are very similar in trend with lines 5 and 6 (in the Warwick Area). Line 9 is 

perpendicular to lines 2 and 3 and is consistent in the upper 30 feet of overburden. 

The till and top of rock along line 9 are not as clearly defined, but appear to be 

present at depths similar to lines 2 and 3.

2.6 SUMMARY

An overview of the results of the three geophysical survey techniques was 

presented here. A more detailed analysis of each survey line is presented in 

Appendix B. The seismic refraction and electrical resistivity survey results in the 

three study areas were of varying usefulness for inferring the depth to bedrock and 

types of overburden present. Neither the seismic refraction survey nor the electrical 

resistivity survey analyzed alone, permitted a confident interpretation of the depth 

to bedrock along every survey line. However, used together, and in conjunction with 

the data obtained from the boring logs, these survey data permitted constructing a 

reasonable model of the site stratigraphy. Bedrock appears to vary in depth across 

the site from as little as 45 feet to as much as 60 feet, and may be saturated with 

brackish water based on the low resistivities observed. The overburden, consisting 

of sands, clays, silts, gravels, and till, appears to vary widely both in depth and in
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areal extent over the three study areas; lateral interfingering and pinching-out of 

these deposits would not be surprising.

Perched water tables were not identified in any of the three areas, although 

the normal water table was inferred along most survey lines (as discussed in 

Appendix B). The inferred water table was found at depths ranging from 3 to 18 feet 

over the site, which is generally consistent with water table depths (about 4 to 14 

feet) reported for the piezometers and monitoring wells (as discussed in Section 4).

The ground-penetrating radar survey confirmed the mapped locations of 

former foundation and slab areas; this technique indicated that individual buried 

utilities could not be located, possibly due to the large amount of rubble in certain 

areas.

This section described the results of the geophysical investigation. The 

following section describes the regional, local, and site-specific geology of the site 

based on a review of available literature, reconnaissance geological mapping, and on

site geological characterization activities.
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SECTION 3

GEOLOGICAL INVESTIGATION

3.1 OVERVIEW

This section of the Phase IA Report describes the results of the geological 

investigation. The primary objectives of the investigation focused on obtaining site-specific 

information to:

o characterize the facility's geologic environment; and

o corroborate information collected from the geophysical surveys.

Data were evaluated to characterize the regional and local geomorphology, surficial 

geology, bedrock lithology, and bedrock structure. These data were used to develop a 

model of the area and to assess the geological characteristics of the facility.

This section includes discussion of the objectives of the investigation and the methods 

and analyses employed. Results are presented as a discussion of regional geology, local 

geology, and site-specific geology. A discussion of all results and a summary conclude this 

section.

3.2 INTRODUCTION AND OBJECTIVES

The Phase IA geological investigation was conducted in accordance with the Facility 

Investigation Work Plan in Volume 1 of the RFI proposal. There were three activities: 1

1. a literature survey and review;

2. reconnaissance-level geological mapping of bedrock exposures; and,

3. on-site physical geological characterization activities.

CGGEOL.MPD 3-1



* 1 ^The literature survey and review were conducted to place the site in its regional 

tectonic and stratigraphic setting and to provide a framework for planning and implementing 

the detailed site-specific investigation activities. Reconnaissance-level geologjcgl mapping,

was performed to identify lithologies and geological structures (such as faults, joints,
. % iv.y*wl ‘0 -<iO -'/Tj.; ‘' 1 i'i.1' ;H.l c. iiiCljq

cleavages, and metamorphic fabric) that could affect the ground water regime and could 

provide a mechanism (or pathway) for potential contaminant migration. Since there are ncj 

on-site surface rock exposures, the off-site geological mapping was used to identify the

subsurface rock characteristics likely to occur under, the site. (Surficial and bedrock
r ooo yoDOioy sv;;ra:rsvT;ya::'iOj H

geological maps of the region are presented in Chapter 1 of the RFI Proposal, Volume, I).

am y-y am-/ arjovomo taoy boqqaru art lo no?rmqfn;:.0

The on-site geological characterization, activities involved drilling and sampling of
; •' -ymcoa •;;«? oar ' namo:; a;> a ry/oiq a.ft m

subsurface sediments and bedrock,.,and installing monitoring, wells and piezometers at
y.;.' am nmo 'cy\ ~v:.. a-. Ga.-aar.iH Su-v --Ci’ yy aa

selected locations. The data obtained were used to evaluate the overburden, and bedrock
,sjlO fiOJ Lp a.;M . j :i-* i .. Of!.'* GfvJU

lithologies and to correlate the on-site sediment and bedrock conditions with the regional
inoicaD jiyyjil'yy.iy bo a-w.-'.-i) moyqoA bm. on-U>l ^"' ^>1 a\

data. Bedrock cores were obtained and logged for correlation to off-site exposures and
c-:. . A yim rri-J

regional geology. Sediment samples were tested in the laboratory to evaluate their physical

properties that might affect contaminant mobility., ...
..•oc::-y ?dr to i .1) yyylof; t ;?n< gnyyiato.io ojiiamry liniqq:..;/- Lyyo..

.J,a lli.r j .i: flli.v/ jO l 10 '.‘0.0 Oib '.PO -••It:', *;.(l .HOi MS .ibO i
3.3 METHODS AND ANALYSES ‘ .. ..
Ooi£ y.CLiifoy: rah 00;.; a>.nn ay-jay r-av; fi.mmauj ao-Di1 a. moo-o A.yjOT yjy .a .p no a

s*:0:j tsomsc; o: oO'-hsqa; o:; ‘:of banaiioo rajbur; -y. to bio::1::: f>vy^

The methods and analyses used in the three activities of the geological investigation
:Td! osnin^o ratqrnij.d

are described below.

3.3.1 Literature Survey

b;y; y:;s'qm;y . mo ■ 1o bst'-iy:: .a ra 0 yaby. y; jnisrr: y \1
The literature was.surveyed a.t.the U.S. Geological Survey library in Reston, VA to;

C'MToior.oc:. oy • — Vqv [tua/at 0"go 'mV. ; .0 0 o .oj

m :i:s 1 jOfvhobn:- e.rlx r ba. .or av.v !o V t . . jn -yood
o obtain available information about ..the . regional geolpgy in the, 

oiun naqo ; J!:" bprOvidencfe, R.I. arda1 and'ih'the:viciriify of tile site; r

rreTsrnos- -y -!• boo rr y:riy y at j:: >. • h: -j ' 'nx::r:.ri
o . establish an understanding of the. geological .history of the region; and,

. o-vO-f. i-'j ra - ■- j ;.c .v ^ ii: 'o/z j O’ .. •' • . • .t i. • a jrj.nj.vi-.
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iV„ rr.. ..o . establish a framework for correlating site-specific geological conditions 
..... to regional geology.

Lv.r. /ufnrOn -'

j11 \ (  ̂r(*t ;. [•'1. • 'jv •'T -.**cfc • \ or.' *.
The’ literature reviewed included USGS publications, Geological Society of America

.. DO
publications, and university reports.
fc!j:n j -v hr-uo :?d:

-t-j'-'t <=.•• rvrV:v ,v. jr' ')Z
33.2 Geological Mapping
t:T‘ S’U:^L\ o.:^7 ■

jDO’ CA''"’ • 'i*fj -pi; ,r. i'-i >■ ] .'J -'n'. '/• >j>
Reconnaissance-level geological mapping was performed at bedrock exposures in the
y D/onrnS YJji aIj 'Jr.- I wm/ikD ni b/fiTAA.

vicimty of the site, rhe closest rock outcrops are more than one mile from the site.

Comparison of the mapped rock outcrops with rock cores recovered from test borings drilled
i1.' • br.s, iibiv b: /jo/ni * ,Tob^sb:.o:'Kisria • ... _
at the site provided a basis for correlating the site geology to the regional geology. Rock
j.-; cT‘. zsiici l.-v-: ODv/ 7;<:'ior;f'.on7. C;7£ •Opioid, u •
outcrops were' selected after reviewing both the Geological Map of the Providence 
Quadrangle"Rhbde'islahd^U&GS*'i"959)*ahd file Guidebook to Geological Field Studies

• --rtr :{/ (:r O If ■"/) .-‘i’T'-iy-.C ' c b::': 7'. ‘■jkvD'nO’.'
in Rhode Island and Adjacent Areas (New England Intercollegiate Geological Conference,
,tyic .^/O'v-lO ,o.! /OukbAOO *io; DasO or::» b/nDrbo .Do
University of Rhode Island, 1981).

yAkOvo o/ vyo/TOdO oi: :u I'.siKt jvyr k.slqiWi ;i‘r:?rrbsb . »

_ . .'.k’j'k'u! ifiisn?rr-ip.Tfioo bAi'D Hk.-irn zOr...
Geological mapping consisted of descnbmg the lithologies (rock types) of the exposed

rock and measuring the strike and dip orientations of the rock units. Structural features
£ Wf. [A>- k CPI A ^GOTTT'^jv/: -\r

such as joints, faults, bedding, and/or foliation were noted; strike and dip orientations also

were recorded. Representative samples were collected for comparison to bedrock core
b;J\:-ok:.77 ’io ’-jins.ij O ttza V:>>. ?bof5?ur:r s;iT

samples obtained at the site.
.v.-'o/jd b?Ojy:r-D. ore

3.3.3 Qn-Site Geological Investigation
vs'/n: ’ 'r• DO

The Phase IA site characterization activities consisted of drilling, sampling, and
y-( 77; Of 7 • '"if? ' A:' i ’ ■>; 1' j ?•; -y . rjy ■ ■ ! 5'/i ‘rk’T

logging seven test borings/ Four of the borings, RW-1 through RW-4, were completed as 

bedrock monitoring wells. Well screens were installed in the underlying rock units in
-■ f;... I ' ; . r>r-\.,- '■ ‘-Jr\ ,'07^ ' r7, //">-p! ^ijkpVS CJ • -'s JO 0
borings RW-1 and RWr3. Borings .RW-2r.and,RW-4 were •completed as open-hole 

monitoring wells in rock. The remaining three borings were completed as deep piezometers 

(P-19D, P-21D, and P-22D), with well screens installed in overburden sediments overlying

3-3 Cn.i-'l.JG: k. DO
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the bedrock. Sediment and rock samples were logged and described in the'fielcT (with

follow-up laboratory testing of selected sediment samples).

1;

.1

■ T :C;

The borings were drilled and sampled in conformance with’ the Sampling ProceSureV 

described in the Quality Assurance Plan (RFI Proposal; Volume ^). Field conditions 

dictated certain changes in plans, such as final boring locations and sampling of overburden 

sediments. All changes in plan were approved by USEPA arid documented in the monthly 

progress reports for the project. The borings were drilled with truck-moririted CME-75 and 

Diedrich D50 drill rigs using hoUow-stem auger metiiods in the over brif&eri‘sediments and 

diamond coring methods in rock. ' C^erBurdln sedimenrsamples' were' obiaitiea with a‘2- 

inch outside diameter split-spoon'sampler.J'Rock samples' Were^ofethiried'tiy coring witR' a 

5-foot long NX-size (2.125-inch' inside1 ’diameter)' diamond bit''core'barielV' •Overtmrden1 

sediment samples were'preSeived iriDseaied glasVjars’for'sutisequeniTaRoratory1 testing; 

recovered rock core's were'pia3cedJin wooden core boxes for preservation1. " ‘ v ' “a

3.4 RESULTS OBTAINED

.•t.rv vAvn' :.ra hr«« •

.r-'/iTi 00*) ;i;on.ti Di.yicno:

"b.S":’-d... si r>

>r>i

The: ifeSults Off rfiie iiteratur e:,survey," the'g&lof|icaiJmhpping!activities;! and tiieon-site

phyricaTgeoibgica? ‘characiSf featioii * art 'dTs'Hiissed1 B'eiow/ •’ “' "iJ >,u’ -b1

'.on avi^i vroeiib v:Tor”:-;5rn hni;. nobs; -idted -io:* /)]

iio1 hr!‘iG-imoii-tf .(T3v?r -iOfT'rliX l:r:K

»rf? gnhub benuooo ?krf: in5v5 oi;ro-aor bLisrisooi 3 /{fittnoro no. \ annul) b«.. uj-y.-o

rjr:.- -.xj g’ohtrieasRsrtiI:NW ifftfi# iipipalabiRatfMoiMffiain beH wfech is"subdi^Sed

intbJnumefdul geoiojpcal provinces' oirthe'Msis’of structural,1htiiologic,' ana 'radiometric-rije

cJifferenbCsrcif bedrock;1 ‘1

rtscr-sd, rit■. •' ot u y fi r' n*.-;on/ri iri i • f■ T. > '!!

The site is located in the west-central part of a geological province known as the 

Narragansett Basin. This partly fault-bounded basin, extending from southeast 

iviassaichusetts'ib 'southeast‘Rhocle’iIsland) was a'late orogeriic,'' structural ‘arid topographic 

basin. 'During' the tiate* Pennsylvanian period (about 290 million years1 ago'[mya]), the basin 

received‘ rapid ' irifluxe^ ’b'f ^iionrriaririe;0 clastic" sedimentary * rocksJ in '^association with

CGGEOLMPD u -.or: :>oo



contemporaneous volcanic rocks and granitic intrusions (Hepburn and Rehmer, 1981). The 

sedimentary lithologies range from feldspathic shales and sandstones to conglomerates 

(Quinn, 1971). The rocks are locally fossiliferous (plant fossils) and can therefore be 

relatively dated on the b^si^..of fossils. The western and eastern margins of the basin exhibit 

unQojiformable relationships.with the, underlying older rocks (Hepburn and Rehmer, 1981).

rh.-v Jr nciarrmr.?. b«r-;
Tlie basement rocks underlying ,the Narragansett Basin consist of Precambrian and

Lower Paleozpic metamopphic and igneous rocks, The eastern portion of the basin overlies 

the. foliated B^gannarsh Granite and.^ undifferentiated schists (Galloway, 1973). A

heterogenous .assemblage pf gnei^es, .^anites, fjne,tasedimentary, and metavolcanic rocks 

underlie the we.Sjtern.re^ches^pf theibasin (Mosher and .Wood, 1976). Much of the basement 

rocks underlying the.western.portion pf the basin .have .been referred to as the Blackstone

Series.. Rocks.associated. with the. Blackstone Series are exposed several miles northwest of 

the CIBA-GEIGY facility. Those rocks, which make up the Precambrian basement terrain, 

are high-grade meta-igneous and meta-sedimentary rocks that were emplaced and

subsequently metamorphosed about 600 mya.

„ : r Narragansett Basin, rocks have been faulted, folded., and metamorphosed to grades 

ranging from diagenesis (incipient metamorphism) to upper,amphibolite facies.: . Attempts 

to correlate structural deformation and metamorphism directly have not been successful

(Hepburn and Rehmer, 1981). Structural deformation and metamojphisrn-olthe.basin rocks 

occurred during the Alleghenian orogeny, a localized tectonic event that occurred during the

P£pm^a:.period>jahput >27^.jQnya,^Sl^ehan;.ai)47Myp[;a^ ]^8Q)._,[£hp, southern .portion of the 

ba^in; underwent. the most^ intense,. deformation,; f Resulting in.. the . development r oftight

isoclinal to recumbent north-to-northeast trending folds and north-to-northwest trending 

faults. Metamorphic grade of basin rocks generally increases from north to south (Barosh

and Hermes, 1981).,
’■.) n ,.,-i

TVrJ'.-r * . i -.1 ’ -t .'..r .. . j/i :.JWf[ i'ri'f -i^ ' .L-i'V.-.fcfSTJf M

;The dominant.bedrock unit in the NarragansettiBasin.is.the Pennsylvanian-aged 

Rhode., Island Formation, estimatedrtOjbe^about, 10,000.feet thick (Quinn,,^1971). , The 

formation .primarily, consists,of,gray.apd blackrconglomeratps,.sandstones, and. shale,.>yith
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minor amounts of coal. The depositional setting is interpreted to be fluvial (Quinn,pl971)? 

Coarse conglomeratic layers are somewhat more resistant to erosiona! processes? scTtheyare 

generally associated with topographic highs (and possibly:-'withnsubsm*£ace';highs)/ *The 

Rhode Island Formation exhibits varying degrees of foldmg,1'faulting?’ and'jbintihg/ arid7isv 

partially metamorphosed. Alteration varies from diagenetic'grade to the amphibolite facies

of metamorphism. Illite crystallinity studies on the lower grade rocks of the Rhode Island 

Formation have been performed (Hepburn" and Refcmer?-1981)tw;,The results show that 

bedrock at the CIBA-GEIGY site should-exhibit texturerand mineralogy "intermediate1 

between diagenesis and the greenschist facies' of ihetamoiplusm.1 -wy-'-i

The topography and overburdens sediments' ‘’of' the1 Region' lliaver? 'been strongly ’

influenced by Pleistocene 'glaciation* and ‘pbst-PleisYocene^fluvial eros'ional and’depositiohak 

processes. Overburdeii7:sedirhehts>m?'the:fegion 'consist-primafily^of glacial-outwasK that-

includes layers of clay; silt',-sand, iahd^gfavel ^Mo'ultfop,-1956).- Several:geomorpholbgical 

land forms associated vrfth'glacial processes'are'present^ such'as kames, kaine tenaces/karhe- 

plains, and ice channel fillings (Smith,f-1956).“r Tlie'-glaciaF outwash jis^generally found'*

overlying bedrock in thicknesses up to 280 feet in most lowland areas. In some highland 

areas outwash is not present (Bierschenk, 1959). The Pawtiixet RiveiUflows along 'tlie'

boundary between the Providence outwash plain to the north and the Warwick outwash 

plain to’the southb Th'eglacial>'6ut\vash Hasdleen variably:eroded infstream3and-river valleys, 

and has beenffcworkedr(br redeposited) as• fluvial5and/brVYalluvial sedimefitsl''’ C)l *° ;

cd! )o rrUiq bocii s.*;; nit *5fjv :•

3.4.2 Local Geology

v- o*v. r !L : /cr,- io /imvcn r:rn‘ '{idsii:; v ■ v- "L; ■» 1 i' ‘ <*- -■

The unconsolidated deposits in the vicinity of the site generally have thicknesses that- 

rarigefrom 50 to 100(feet-(Bierschenk, 1959):>The typical stratigraphy in”areas1 near thei 

facilitj'jvas! described by'Bierschenkjiconsists-of a'dayef^of fill that is underlain b^' a layer oP 

sarid:and gravel ofivariable-thickness,-which-in •turn7 is underlain by'a layer of-silt. ;-c

'b'jf.or.'crro-'' ’ "i v;l -’o : --orrs toi^ ’•[ v \ . .re.

rScatterethpockets of Recent alluvial*deposits "occur in:areas east of the sitb;nThose^ 

deposits:consistibf)stratified clays'; silts, sands," a’nd 'gravels which* typically -represent outwash*
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materials that were,reworked (redeposited) by the Pawtuxet River (Moultrop, 1956). West 

of.the^she^smalMsolated.pockets of material having a high organic content occur adjacent 

to, the Pawtuxet River, i ;Thpse deposits are found in low marshy areas where the water table 

is.near the;ground surface. : The underlying sediments, however, are generally similar to the 

typical qutwash.fqund in surrounding areas (Moultrop, 1956).

- Rock outcrops within-arfew. miles: of the site contain exposures of the Rhode Island 

Formation..,,jPrimarily, -the^exposed-.rocks^are. partially metamorphosed sandstones and 

phyllites (metamorphosed shales, --;trapsitipnal:between slate and schist). The outcrops 

exhibit folds, joints, foliation, and cleavage. The attitude of the rock units is variable, 

although the ..predominant strike orientation is;, generally .in a northwesterly-southeasterly 

direction...The,dip. ranges from less4hanj--30°..-from,horizontal;to as much as 60°, in both 

northeasterly-and. squthwesterly-dir,ectipns.jCThe;attitude oflpleavage (i.e., dip angle of the 

foliation, of-the rock, units) depends ..on,the;.amQuiit:pf foldingto£;the.rpck units in a given 

locality.; Joint onentations^tend:to/be,parallel fojhe gen.eral:rpck structure} although there 

are jome joints rthat strike and dip ^across thej major; trend. _r? rltO) . t,

r I h~;^, A-y :n >-•: c.■.* ni Z'lr .

3.4.3Site-Specific Geology ;/{ :;i/r .-/v'-?d‘ jcfi v. .b-swif, j

syvruyv • ;; be-.Jr c.j d>. y;:vyy.vo'('[ tdj r:v;-s.-, y; y- .erzod

>.v.:r:£The;siteTlies within;the Jopd.plain,-of.-.the Pawtuxet,Riyeri:;;The"site.:topography.vis; 

typical of low-lying-flood plains,^with .relief-ranging from about. 10 to 25.fe.et aboye s'eaJev.els 

Much of the site lies within the 100-year flood plain of the Pawtuxet River.

The site is generally overlain by a variably thick mantle of miscellaneous man-made 

filler Where present, the fill overlies;foverburden sedimentyconsisting of sands,-silts, clays, 

gravels, or, combinations thereof. The pyerburden sediments generally overlie glacial till,-, 

although .till; was not .identified, inoall^the.’ borings drilled to date, .j Where- till^wasrhof 

observed, the overburden sediments .oyerlie,bedrock.,?Where-till.is* observed,still .oyerlies- 

bedrock. The bedrock observed in. Phase IA test borings is partially metamorphosed 

sandstones;and phyllites..;.Figure 3-1 shows;,theThase'LAboring locations and-section lines 

for.the;)geological crc^S;Sectipus. The-geolagicahcross-Sections developed, from /the-, result-s -
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of the boring program are shown on Figures 3-2, 3-3, and 3-4. The logs for the Phase IA 

borings are presented in AppendixjD. ‘ ^ ^ '

Fill
lg :i: Dr)-*2:n::o;-n-..

-re is

.• ^ ■.* rj ,v

The man-made fill is variable in nature 'arid^‘^cines^,1 and rinciudes"sands,' siits^ 

organic soils, construction debris, and asphalt‘d'Theobservedthickness 6f fill in'the test 

borings was variable. Fill was not ideritifibd m tidririgs ;RW-4, P-19D,! lind' P’-21Dr 

(Figure 3-1). The thickness of fill in borings RW-1, x-2, -3, and P-22D'rahgedJfii6m about 

2 feet to 14 feet. The consistency of the fill ranges ffoni‘very ldoke toJ very "dense:"’ Ttie

water table was first encountered between about 4 feet to 14 feet below the ground surface.
1I7.‘ KbftiO

Overburden Sediments

(itu'vi.') Oi •’.i Li' (bob

The over^rde’fi^eSinaefts'co^sisf td'cbar&e-gr&irieS sand^ Siity'sands^'sihs,*

clays, and gravels. tSaihples> were!,irisuaiiy0dlassifiSd'‘ih=tKb; field1 in2gfeneral edriforinahee‘to 

the Unified Soils Classification' System '(Laftbe^aiii ^Wliitman^ 1979)."' ,Thet'dver6uf(Seh 

sediments encountered in borings RW-1 and RW-4 (the Production Area and slightly east 

of the- Productibn^Area)1 were sandier thari* sediments1 encotihtfefed in either1 the Warwick 

■Area or the Waste Water TfeiatiriehtrArea (Figure ?-i).'The' stratigraphy in RW-1 arid RW- 

? is'cdnsistent witfr the boring log'for’P-lTO/'a boring 8Med%Vhe :P?6dricfi6ri7^ea‘during

fthe Prelimihary':irivestigatiBri^''(see Figured3-2;r3=3,J‘ririiT3l-4):J'! ^ 1

,[ .U- ,££- 3o inoi;av*i)b n~ Cil'X-^i dc\e .i-WK Ay^H A-7/ft .vmhod m bsiihrubi iih 'io

■ULr;t;r Borings ‘RW-2T,and P-19I>'were:jdrilled' close'to the'river'in' the'Waste Water

TreritmeritXrea (Figrirer3-f). Thest; boririgs'dhcoliiitefed firier-gfained sediments (i.e., silts,

■ ? /r , ?
clays, and combinations thereof) than the borings in the Production Area. The vertical 

lithologic sequence observed in boring P-19D is somewhat similar to those observed in 

borings MW-8S and MW-9S (drilled during the Preliminary Investigation), but P-19D has 

generally finer-grained sediments. Boring RW-2 was drilled in the vicinity of MW-8S, but

:v»v*vt' O'V’s :J\w: j fibroin? • -7;] ... vnh^d :ao;
did not encounter sandy units.

/.sn: v:o*; r)iusd

3-§ u ‘-i ,.v'
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,, The three borings drilled south of the Pawtuxet River in the Warwick Area 

(Figure 3-1) encountered much less sand than boring MW-6S (drilled during the Preliminary 

Investigation). The lithologic sequences in borings P-22D and RW-3 are dominated by silty 

and clayey units, but some sand units were present at shallow depths. A loose, saturated 

silty, fine sand was encountered in boring RW-3 at a depth of about 57.5 feet. This sand

became quick (a flowing, unstable condition) and flowed up into the hollow-stem auger. For 

that reason, it was jot possible to collect samples from a depth of about 58 to 68 feet. The 

top of bedrock, was encountered at 68 feet. Casing was driven to 73 feet to begin rock 

coring operations. Sand and.clayey.or silty sediments were encoimtered in boring P-21D in 

approximately^equjl proportiwis...,,,^ j.;,, .io

/ j 'h > L f wolir;er \-[ ni \-53] : ? visa •*.«,
Glacial Till

'Jr.
Glacial till is a sediment characterized by a dense to very dense consistency and 

ranging in grain size.from clays to.poorlv sorted sands,.gravels, cobbles, and boulders. The 

till obseivedjn the Phase-IAJorings is. dense .-to very dense, or stiff to very stiff, gravelly

* A V#sands or silts/clays.-The till layer.is,of a variable thickness. ~ , ... .
i-.\\ t- .0;ih ik,._» j'/, pNb/UL.

t-iJv --j .s&U L.'.j noir;.. ’> i:l Ddi; ::zzs i- U?:. . ^rv-od nf
. . Glacial. till: was .identified in r.four of the -Phase IA borings. , The. till ranged in

thickness from; about 4.. feet .to.. 12 ,feet.,. .Two borings TP.-19D .and ,Pr21D,- Figure,s3=l) 

encountered rqck.fragments ji the -last samples,taken, in each boring., These rock fragments 

may represent bedrock. Where identified, the till.wasTound to overlie bedrock. The top 

of till was identified in borings RW-1, RW-2, RW-4, and P-21D at elevations of -33, -31, 1, 

and ,-23 fee.t relative to .Mean Sea Level (MSL), .respectively. .-Boring P-14D (drilled during 

the? Preliminary Investigation) .encountered .the top of glacial till at about -22 feet relative

to MSL.

Bedrock

. Li. .‘Lvlf.i . i ' i j" jC> J|-l {^0: '•-iTL’/vJ .• ;; vi r*IVBjO

>1 ir< ^vi: 5.,, ji:-; :<■ .

rd no* !5ii7 • ~hi;b bn, 'h 1 *. -ihoo'

j: *1 lo y-'-fxhiv r::V -■} ;.«e! 1 :;rii‘ica r .ipici.> rr;

The four borings designated as RW-1 through R^-4. (Figure .,3-1) encountered

bedrock; rock core was recovered. Two borings, P-19D and P-22D, may have been

viriiVi...:.0.::K '.>3
CGGEOL.MPD



terminated at the top of bedrock. Bedrock was encountered at approximate elevations of
.jra- bus ''.vlvio

-45, -34, -55, and -4 feet MSL in borings RW-1 through RW-4, respectively. Borings P-19D
;ruoi nifi'J.bv qFFo'ia ?.z Frovox 

and P-22D may have encountered rock at about elevations -17 and -44 feet MSL,

respectively. Boring P-14D may have encountered rock at about elevation -34 feet MSL,

but did not core into bedrock.

S.i bsmof.e'y snw -...oxo; •.
A flowing sand condition was encountered during rock coring in borings RW-1 and

. :l X; I'.T VOGTO ~;;rj ■" ' 7" j j . G‘W;. C- Hi
RW-4 (Figure 3-1). In RW-1, this condition occurred after coring approximately 2 feet into

no baonoftati anoT FG .F.riu voiFo'/
the upper portion of bedrock. In RW-4, the flowing sand condition occurred approximately

rbsbuiom {asiqrnsc CKxqv-jfFF xFox;
5 feet into the bedrock. Sand samples collected from the return wash water consisted of

very fine- to fine-grained silty sand. As a result of the flowing sand condition in boring
rrsfo ;»b o

RW-1, an additional boring was drilled approximately 15 feet north of the original RW-1
C'-'ri

and advanced to the desired depth into rock for installation of the monitoring well casing
L‘-r>S . : ji'iv'O iiT-ijV.

and screen.

Bedrock lithology at the site is consistent with regional descriptions of the
rauix .‘Xii/- /cue>;;£ r;y/3\’> no L'SEnjlisq r>jv/ * «•<•*] wvol.; srii '0 do...::

Pennsylvanian age Rhode Island Formation. Bedrock, as described from the recovered rock
view ''Tivueubnoo FFv/rbv:!. bna 'Uwrca .vrF:i::?L . cu:bl:x ni .y.,rr:\y-J Al

cores, is primarily a fine- to medium-grained quartzitic, metamorphosed sandstone.
eiF sru:- -vj-nsv/i ,GiF*ci iiruio'j iT.'OTj v’c• rir?^ ect/i '■ y-. (. *•/! no o‘~n.-

Foliationris moderately- to well-developed and dips at angles ranging from about 30° to over
eifr.v yltnia t-si?. nifiiQ ..lohibbs .*u A<y::':dc rcoonv-rUoa no L'-.-arior:.v’.i ioov .‘oyFns
60° from the horizontal. Strike orientation' of the bedrock cannot be determined from
i.FO'ILn nojiioiihiziO lk>2 innhilJ Lsuaiv oriT axorric.- b;fF ov.-; -:o Loiryyryy;
linoriented rock core. The cores exhibit joints and fractures that tend to be parallel to the

.aii’caei v’oa-’-iodii: v■;! f>:h/ ;ny.Faooo vF:icrivA iu.bvij vr:‘ :n. vborrf
foliation. Fracture surfaces exhibit quartz or clay/mica mineralization,"and are occasionally

iron-stained. Weathering of the rock is generally confined to joints and broken zones,
yoiij ab-LW •■■I ji-odri r!oii vtqi-ri mmib4-* vJr :;c; arbii-.n'-jr F.F v:G
although'the rock from the one core run completed at RW-1 is moderately- to deeply-^

or. yy: tvc ’F or F" r: cor- rnevi ag.': wt.. iv i .':v: v;j ;oc-j
weathered. Thin phyllitic layers are present in the metamorphosed sandstone, probably

r 7 ^ moxt r,;»ai:-'■onoiiF'..' b^0"iu;e'.u-r:.»5 iot 'nUitoi vbvnub mo \ A At airs
indicating that shale interbeds also exhibit low grade metamorphic texture.
o or.--';;-: -mJ .orF' .(.•or.. vob. ) *J'0 T 7 b c; (roovH'f /pr^i

Metamorphosed shale and quartzitic conglomerates also were encountered in the 

rock cores. These lithologies also exhibited moderately- to well-developed foliation with 

subparallel joints or fractures.

LFOViCF
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Intergranular porosity in the bedrock appears to have been reduced by quartz 

cementation and partial metamorphism. Therefore, the most effective porosity in the 

bedrock is probably within joints and fractures (i.e., secondary porosity).

.SiW. tr f-c d-S'/da iuodo 72 on.
Laboratory Testing for Geotechnical Properties of Overburden Sediments

Laboratory testing was performed on selected overburden sediment samples from the 

borings in accordance' with the procedures identified in the Quality Assurance Plan, 

Volume 2 of the RFI Proposal. Tests performed on undisturbed samples (Shelby tubes) and

disturbed samples (split-spoon samples) included:
lo aV.sv/ oaf my:i b.o'or.bco git;

■jr"'. •t%) i'! '• i 07 ;7»Vj 'iLiS. ‘;/ *.G ;7 U •..'•T Or, .bH!
o dry bulk density,

i-v/d nojho *ro nj'ton ''od ~.l visjnrnr/oinqo bo(;nb
o " porosity,

ZUitK'j li-ss-' o'-ficodoro vdi ocnddio-jj vo :;nV b;:

o hydraulic conductivity, and

o grain size distribution.

orb i h'jj.sQr_’j: njrv; o-j V:c bo. '->c oik? lob: ii boo"; b‘j-j
Each of the above tests were performed on eleven Shelby lube samples from the

viU roOTi bodr:0;2 b 22 dOOOOOH . OGJOlOTL-i b.'.Oi'-I 220 i
Phase IA borings. In addition, density, porosity, and hydraulic conductivity analyses were
Kaon;onon boy "dp iO.Jrnom ocino'ii'orp 0omnio,- 002000:• n ■ 021:o-nonmno 2 .moo;

performed on two remolded Shelby tube samples from boring P-22D. Twenty-one grain size
Ij'ao 2 Vi. Tsjo-dc OiO'.d Br::3iirr; r.; -iq;;..- nm boooi'j'/oi^-d.o'.v [dirK-noni r.\ ncrj/'■ :iod

analyses were performed on split-spoon samples. In addition, grain size analyses were
vmi bornrrndtDb go lormn;) x'x-Thsd od; to nobdnode- sm].vZ idnoohofi on; jo-r\ °bd

performed on two flowing-sand samples. . The visual Unified Soil Classification (USCS)
jV ,): bd'oTfid yi ;nn.i yorooGou Vny onnot doi/Iko .oioo dnoi nsKTShoflu

made in the field is generally consistent with the laboratory results.
vrsnonsrno e*?fi Inn dobnidiiisniih fKinr.'pnG lOsm-up kgolzg ybonhoodu/rGS'd. .iiObsHoi 

nodo;? r-Vz-oid 5nn ?..nnor o* bonilnco viloierrdi b. ;boi do nnrvudiEoW ' .donia^-noii

:;tr; dKO'ijd•Wd it; oiibrV-o
foot* (pcf) to 110 pcf. Porosities range from about 26 to 46 per cent for the undisturbed
■•Iddno,; . '22 o .i-coiqiooKn -jiti r-.h V on.. {j\i. unbind' r* •

samples. ‘Hydraulic conductivity results for undisturbed sediments range from about 4 x 10*4
:;:r;c;7(.:-:iG;sqT ■ Az.y.’g v/oi Mi ■■ !n tijvhznv ■dM ;;; vr onhBoMv

cm/sec (sandy sediments) to 8 x 10‘8 cm/sec (clayey sediments). The laboratory data and

grain-size distribution curves are included in Appendix E.
s:i; at ' -’nyc'ji'y j'iO-'- g;:;e :.;:2:i^rT0G oiri^J rGGO r.r;« ^Uwh - -1 •̂

yt r ' r:itc\ Loc’Cbvof.'-U^"/ 1 iZ\v> ■v\y'y".^h\ 2-on

J-'G-f! 70

non
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3.5 DISCUSSION
/.Dec .

ba'ibcnq 3ti; ru.

» V - , . . t J«

'Vi’D

The data from the Phase IA geological investigation show that the site geological 

conditions generally conform to published regional geological models, and that overburden 

stratigraphy 

Investigation.

-jT'.-.-TiT?'’!') t >V '■'! • '?V' '7GS ’ t'-' •
stratigraphy is more complex than .might have been expected from the Preliminary

jqbl:SJf-b 'X -''VIZ. •_T;''/VXTXXT 

:::A: llev- !'h

• ,p—i r; ’ > j ' n >• ■. X.' .-'Y! jj 1Y; ' ■ i /'• fCl-1 . \j\J lY ‘
The overburden sediments consist of discontinuous iriterbedded sands, silts, clays, and'

-: ■ r :>• •, -w: ir-i'.'f - /; i 'ii / Y’ f iT i • ;h:■
combinations thereof. Many individual"units do^riot exhibit lateral continuity between

borings. The lack of lateral continuity is m6re"pf6nduhcetfbased on the Phase i^ borings

;4>v"v‘ bf'S
than was apparent during the Preliminary Investigation. The stratigraphic section at the site 

may include glacial outwash sediments and/or reworked glacial outwash sediments 

redeposited in a fluwal'5system. '"Xt^tKe^pre^^^^^ iiisdfficiezit" evidence to

, .. ii;;. .‘t hf r|.,,-r e- • :• r • j f! y "OC:0;7" ’:JX X/ici
distinguish betweeh’-'glacial ’outwash1 sediments*' rind fluvial sediments!

jC-.T: >'x'nbecf imbh.qbmj burs lit: li/nxh xdt 'ro ru;o;)l;jv 'jifciur.x ■ b i amsmiD;??

Theiglacial- till' 'identified inc&e'deepdr bonrigs is dbriSistehf with the descriptions' ot * 

till mlinevhtdratuie‘.-' °The* variabfe7'dbpthsrafid^tHiblmesS‘'of the tiirhiay be 'caused^iiy

syridepbsitiahal^topographic1 relief Mvanc>us ;,glhtial processes,'1 and/or post-depositiohal ’ 

erosiohlMS8tre sj.* al K' « Y ■•oYYnwJY' rtnm^nu.

.qxn’h/M bnuc-'in c/ix v^oied ;cei"0d o* Cx ?i/cdx q/x x/ ri.vri^o.'s'Ti x;-:;x;v;xXjO'dx.;:j /o qo.! edj

The bedrock characteristics logged from the recovered rock core are consistent with
, , . yc ,'a m//x }? ..

the rock outcrops of the Rhode Island Formation observed in this study.' In addition, the

characteristics are consistent with published descriptions of the Rhode Island Formation.

The:f6fmaiidhis sedimentary irforigin ‘(saticistdhes^shhles;' and coiiglomefates) arid Has been

subsbquehtiy;metambrplV6,sed^ai?d>'def6fmecid/-' ^ ’ - ■ f"!''

nmir;V" ■ vd ■ nr.d ■bfir >:

’Field observatiori;of Rhode IsMnd! Formation ;dutcrops indicates that a planar featurev 

tentatively identified-as bedding is steeply dipping at th!e location1 of the outcrops. However, 

bedding planes were¥idt‘visible"hi'the:rbckxo®fetri’evedhtWe'facility,larid‘the dip angles ! 

of foliation are not necessarily the same as the bedding dip angles. Extensive folding'is 

reported in the literature for the Rhode Island Formation (Barosh and Hermes, 1981). In

3-ii!-
U'T^LJO.:JOiX?
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folded rocks, beds may be flat-lying in some areas and steeply dipping in other areas, 

depending on the proximity to the axial plane of the fold. Therefore, it is not known

whether the Rhode Island, Formation is flat-lying or dipping underneath the site.

a.*;jt /<; sac: .aisooai
/• n data compare,favorably with the boring data. The electrical

resistivity survey data suggest interbedded sands, silts, and clays that are laterally 

discontinuous. Glacial till is relatively well defined in the electrical resistivity data. The 

uP£er portion of the5>^c^ock (Rhode^Island^formation) appears to have lower resistivity 

9®.expected. U)wer.resistiyity.may be caused by brackish formation water, which 

wa?, PI.eyiously found in the Rhode Island Formation at other subsurface locations (Frimpter 

and Maevsky, 1979). . ... . ..
?!': Mi: i «/ jut j rn.; v

'.icct-•' ririf’•ri,,f;.fo IcUSKhj £■■::< :ci\'cca r.r.arc&yc-:
o . S^^ational,Jittiq]o^r,Ttypes observed,fin the overburden

sediments reduce the sensitivity of.^eo^isnjjc>.refracti?>n,ioethpd;fpr.(}tfferentiating these 

sediments. The seismic velocities of the glacial till and underlying bedrock appear to be 

Sk$l£& pqyecqjicT^ This

seismic velocities makes jt difficult, to, differentiate. till, and bedrock by seismic 

refracti°n S^ods. JP? Hthplogic > the.-, overburden nsediments,-v:.

precludes differentiation between refractive layers. In general, the seismic data suggest-that,,a 

the top of bedrock ranges in depth from about 45 to 60 feet below the ground surface.

,0r-- :-p ;5ii>;nco -J^iS tvico A-y "• barv/oo^i: t-u; ( ?/ b.br.?:i:a-no;b

‘,1 «r(f ysoiaiuo JrtO'L
3.6 SUMMARY...................................... .......

•.••.n: .riotj-.oJFi • !< vu-uj/ .■'■tj lil osvnoccxrioc oCEi'i yc

.nobaanoH onorfJT orb to botbiicfoq rbr-v msteh'noo -373
o^r^!1856logi^:i ^V^gation.has sho^njhat the subsurfacejconditions atfthern‘ 

site generally conform to published regional geological .models, andUhat the. overburden-^ 

sediment stratigraphy is more complex than had been suggested by the Preliminary 

Investigation^data..r.Jh?, s^ments^ppnsjsf t.of jnterbedded sands,, silts, clays, :.and; gravels, 

some of which are .laterally, discontmu^us.^, Jt,>vas .not .ppsjsi^le; to,.establish;,the:. relatiyen3j 

importance of(^aciaj processes;yersus fl.uyiaj.pfpcpssesrii3rthe;d?p!osition)ojfTthe.oyerburden,50

sediments. ,
'* i c. t,1 <j; ibniJ yfti >.r ?acc<. sr!i -ii~ •'•i-:. isw • bjahoi V;

ni" jlbQi .asrtnsH nan dzovcii) iOtiis:;no-! bad?.!’ obon.n srfi id) -:nuu:vjJii ni b ,qsi

3-%.., GT/v’bjOHDOO
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The top of glacial till appears to exist at depths of about 25 to 60 feet, and the dll 

thickness ranges from less than 10 feet to about 30 feet. Lithologically, the till is composed 

of silts, clays, and gravelly sands.

Bedrock appears to be the Rhode Island Formation, consisting of metamorphosed 

sandstones and shales. Depth to the top of bedrock ranges from 28 to about 60 feet. The 

shallowest bedrock is located at RW-4, and it appears to be a subsurface ridge or knob.

The seismic refraction and electrical resistivity data are reasonably consistent with 

the boring data. However, the seismic refraction method was not as sensitive in the 

overburden sediments because of the laterally discontinuous and lithologically gradational 

nature of these sediments. In addition, the similar seismic velocities of the till and bedrock 

complicate the differentiation of these units by the seismic refraction method.

This section described the results of the geological investigation. The following 

section describes the hydrogeology of the site based on the results from boring data, 

well/piezometer installation, slug testing, and piezometric maps.

CGOEOLMP1D 3*14
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SECTION 4

HYDROGEOLOGICAL INVESTIGATION

4.1 OVERVIEW

A hydrogeological investigation was conducted to evaluate and characterize further 

the bedrock and overburden aquifers at the CIBA-GEIGY facility. Data used in the 

investigation included data from other Phase I investigations as well as boring log, slug test, 

grain size distribution, and water level measurement data.

The Preliminary Investigation conducted at the site collected and evaluated 

hydrogeological data (RFI Proposal, Volume 1). Most of the data and conclusions from the 

Preliminary Investigation pertained to the shallow part of the overburden aquifer. The 

inferred direction of ground water flow was toward the river. Horizontal and vertical 

potential gradients were calculated (0.005 to 0.016 feet and 0.011 to 0.027 feet of potential 

water movement per linear foot, respectively). The vertical potential gradient within the 

overburden aquifer was downward near the bulkhead, but was upward in the northern part 

of the Production Area. No data about on-site bedrock aquifer conditions were collected 

during the Preliminary Investigation.

This section first discusses the objectives and methodology of the hydrogeological 

investigation. Then the results of the investigation are reported, including the definition of 

hydrostratigraphic units, the measurement and/or calculation of hydraulic conductivity 

values, and an evaluation of the potentiometric surface in the aquifers. Finally, the section 

discusses the results and concludes with a summary.

CGHYDGEO.MPD 4-1



4.2 INTRODUCTION AND OBJECTIVES

The hydrogeological investigation in Phase IA included three main activities. First, 

a literature review was performed to obtain information about aquifers in the Cranston- 

Warwick area. Second, 15 new wells and piezometers were installed. Third, water level 

data from all existing wells and piezometers were collected, compiled, Jarid evaluated!

The overall goals of the hydrogeological investigation for all of Phase I are: " J ' !

_ v ■■ ■if1; *:r; :;nr nitj:. l.
o identification of appropriate locations for monitoring wells;

■ .o*:-' :! be:5: :ij<: •>.. .. ’ v. •;« •

o evaluation of ground'water flow direction arid gradients; ’ ‘ .... i.

• .r:cv.v i’;,. ee:;' \ ~ be;:.

A /■■)<■: ; r - ■ • '! • i • : : ' f ; • ■, J f.- " • M i; : ' >•. J V
o development of a 'working ' hypothesis for' aquifer types and

boundaries; arid'

:u/, .■ ...i: f rrr<"

, r • : . • i f~.

o evaluation of the hydraulic conductivity of stratigraphic units. •
-ilO .A* fix

j- j-j j i-j( . ... r'.t " :: . -1 i ••tv*-;' - - ( , , • i-:
These "goals were'partially satisfied during this investigation, but additional data will

f.-c.-rv \ -r.‘ ')( •'•'V/ •■*■*!' 1 1 rr'-7 :s I - r.-~. j
6e "required before'an integrated hydrogeological conceptual ’model of the site can be
iv. .rj-ori^.sn - :r:srn:erf
developed.

--c:.;.j ' j J / SfjJ t/' ‘ i'j-V'-. '.'-'JjDT.O';'". >T.' iVS:.'/”-?)'}
eveiopea.

helioieb eriT boec:-: :r\r .ii- v; rr.n:lT .t ; ..'Krai

43 1 METHODS AND ANALYSES ^ •’/ ;

w.jt/y\ V: oo: ■)': rr..::;n l ■■ S. VCTiv

■' c* 'ilie Current'Assessment Summary Report (RFI Proposal; Volume 1) summarizes'the 

conclusions"from Biersclierik (1959) regarding the regional characteristics of the overburden 

arid bedrock aquifers. Further ' literature searches conducted during the Phase'IA 

investigation yielded no additional references. Personnel at the United States Geological 

Survey-Water Resources Division (USGS-WRD)'were consulted about’any professional 

papers, water supply papers, or open-file reports available about the aquifers. With the

CGHYDGEO.MPD 4-2
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exception of a paper concerning coal-mining in the Narragansett Basin, the USGS-WRD 

personnel indicated that no information was available.

Eleven drive-point piezometers were installed during July 1990 (eight in the Warwick 

Area, two between the Production Area and the Waste Water Treatment Area, and one in 

the Waste Water Treatment Area) as shown in Figure 4-1. Shallow piezometers were 

installed approximately 5 feet below the water table, and deep piezometers were installed 

just above the till or bedrock.

In general, the procedures for installing the drive-point piezometers were as follows. 

Piezometers were placed in an augered borehole and then driven for the last 5 feet. 

Materials used for the piezometers included threaded 1.25-inch inside diameter riser pipe 

and screens. The riser pipes were galvanized steel; the screens were 7.5-slot (0.0075-inch) 

stainless steel. No engineered filter packs were used. Protective surface casings were 

installed. Point piezometers were finished with continuous-pour concrete caps and aprons, 

identifying decals, and locks. Drive-point piezometer installation procedures are outlined 

in the Quality Assurance Plan (RFI Proposal, Volume ,2).
' 'L.4-‘ ; ^ LV, . i 0 -i •. II > i- ■

Four monitoring wells were installed in the bedrock aquifer — one each in the
-fj'iir, ; <.r ... i; . :-.Z >. -.:r .g.-vs.-

Production Area, the. Waste Water Treatment Area, the Warwick Area, and the area

between the Production Area and the Waste Water Treatment Area - as.shown in 

Figure 4-1. These wells were installed using the following procedures. The detailed

procedures for well installation are described in the Quality Assurance Plan, RFI. Proposal, 

Volume 2. First, a 10-inch diameter hole was advanced to the top of bedrock or to

competent bedrock (as judged by the driller). An 8-inch diameter stainless steel casing was 

. then grouted into the hole with cement/bentonite grout. Core samples of the bedrock were

obtained. using an NX-size core barrel. After coring, a 4-inch stainless steel .well ,was 

installed inside the 8-inch casing. Two wells were completed with 10-foot screens and two
‘i. V 1 C'-..' :'J>: i/i • . . . .' .: . j

wells were ^completed as open hole wells. ... - r.....r,

v f.. .:i<i -il" C
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Boring logs for the piezometers and the bedrock wells are presented in- Appendix D;

well construction details are presented in Appendix F. Table 4-1 summarises the:elevati6ii
i

and depth data for all piezometers and wells at the facility, including information concerning 

end-of-boring depths and screened intervals. ho;

,' . i ■ sis*

The four bedrock wells were developed to remove remnants of--'drilling' anil -to 

improve the communication between the formation and the well. Development techniques 

included surging and pumping with a submersible'pump'.-The progress of well'development' 

was monitored by measuring the temperature; specific1 conductance, and turbidity of' the 

pumped water. Well development was considered coinpletewhen turbidity^ temperature, 

and/or specific conductance stabilized (i.e., four consecutive measurements were the same) 

or after one hour of development. Table 4-2 summarizes the development process for each 

bedrock well.

Slug tests were conducted on the piezometers and wells listed in Table 4-3 to 

estimate the hydraulic^ conductivity-'of'the‘'formation- in ‘the immediate-’vicinity- of the 

screened intervals'.-'(Hydraulic-'conductivity;is defined as the rate of flow of water through 

a one foot by one foot square cross-section when the hydraulic gradient is equal to one). 

Both falling and rising head tests were conducted. In falling head tests, a slug cylinder is 

submerged in the well and the change in water level is recorded over time. In rising head

ri-' jtu-'R- ltests, a slug cylinder is removed from the well and the change in water level again is

recorded over time. An In-Situ SE1000B (Hermit) data logger was used to record water
. L jnh'' •■;]'"!'i o: :• i.-i;., &;:/'J o nchnikya j.-kk

level changes, and field data were reduced using'the"techhique described by'Cbdper, et al.

(1967). A summary of slug test data reduction techniques and the slug test data obtained

is‘presented in Appendix G. Slug tests are useful for characterizing aquifers that exhibit

changes in head upon introduction or withdrawal of the slug that are slow enough to

measure. If the changes in head are almost instantaneous (or too rapid to measure), the
,• , , t • . • ■ r

aquifer is too permeable for characterization using slug tests.
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;•*' wl.Ground;waiter: levels were measured in all piezometers and monitoring wells on 

13 September 1990. The depth to the water level was measured relative to a point surveyed 

on; the riser: pipe, of each well/piezometer using a Solinst Model 101 electronic water 

indicator. The surveyed point on each riser pipe had a known elevation. Measurements 

were taken to the nearest 0.01 foot. The water level depth measurement was subtracted 

from:the elevation of the surveyed point on the riser pipe to obtain the elevation of the 

water surface at that location. Piezometric maps were produced by plotting and contouring 

water level elevations on a base map. Table 4-4 summarizes water elevation data for all five 

rounds of water level measurements at the site (26 April 1988, 7 June 1988, 19 April 1989, 

l:June 1989, and 13 September 1990). ;;

4.4. RESULTS OBTAINED

The results of the Phase IA hydrogeological investigation are presented in terms of:

- o,

O
a:

the definition of hydrostratigraphic units using boring logs;, ■ ...

, the potentiometric configuration of water in. the, bedrock and; overburden 
aquifers; and

the hydraulic conductivities of the bedrock and overburden aquifers.
.. • - • . “ . •’ .\ ' v • ; jL*-:, \,c.i

These’ results are discussed more generally in Section 4.5.
a: .n\ -.m rrr ;s *:v.- ; •• *;i i r*j i\ • •:

.•;C7’ i.'.-nr: f.'v:' • . y • ;• L ; .i, ■' 5.; • • -
4.4.1 Definition of Hydrostratigraphic Units Using Boring Logs.

Information obtained from stratigraphic soil borings was combined into three geologic 

cross-sections: A-A', B-B', and C-C (Figures 3-2, 3-3, and 3-4). A generalized geologic
f - ■-.< ! ‘ it

sequence is evident: bedrock is overlain by till, which in turn is overlain by the
. . -'‘Vi:

unconsolidated overburden deposits.. The overburden deposits include clayey silts, clays, 

sands, and fill.
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The bedrock is composed primarily of metamorphosed‘ 'sandstone, but1

, - . v • •<r7 y ■ ■ ? • ;'r
metamorphosed siltstone and shale are also present in some cored intervals. Some of the 

cored intervals exhibit jointing or fracturing. The site stratigraphy indicates that the bedrock 

is overlain by till and/or clay and clayey silt in the overburden deposits at all locations. 

Therefore, the geological data suggest that the bedrock is a distinct hydrostratigraphic unit/ 

separated from the overlying water table aquifer by till and/or clay and clayey silt!

The overburden deposits are composed of clays, clayey silts, sands, and fill. These 

deposits represent the second hydrostratigraphic unit, the water table aquifer.'Stratigraphic 

boring data (Appendix D) indicate that there is considerable mterfingeriri'g: of clays'and

sands in the overburden deposits, producing a lack of stratigraphic continuity horizontally 

at any given depth. It is possible thaf the'presence of‘clay layers' produces semi-confinea

conditions at various depths and locations within the overburden deposits. Another source 

of variability in the overburden deposits is grain size. The grain size analyses of samples 

collected from the overburden sediments indicate that the samples are often poorly sorted 

(Figures 4-2A and 4-2B).

. . ./i . .......................• • ■» f ~ , . • •- ; - ,•'••••

4.4.2'1 ’ Potentiometric Configuration-of Water in the Bedrock and Overburden Aquifers

In all four bedrock wells, the water elevation is higKer than'the “top of bedrock 

(Table 4-4). In addition, the bedrock water elevations differ from the water table elevations. 

These twb'facts indicate that "'the bedrock'aquifer is''confined' at the' site!'1 The geological 

da’ta'suggestHhatrthe' confining iayer'may be'the glacial till ancl/or clay and clayey silt beds 

in the overburden sediments: ' ^ ’ ’x ;,1‘

; ' Water elevations for the four bedrock wells are shown in Figure 4-3. The data were

not contoured because there are two distinct contour configurations that are consistent with 

the data. The first possible configuration has contours that are roughly parallel to the river, 

and1'’the downgradieni direction's toward the river. This’ first configuration implies a 

hydraulic connection with the river. The second possible configuratibn 'has contours that

•3" ' ‘\.-i4 . „ . \. *
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contours that trend approximately northwest-southeast, and the downgradient direction is 

southwest.. This second configuration implies no hydraulic connection with the river. Since 

the bedrock aquifer appears to be confined, it probably has no hydraulic connection with 

the .river. Regardless, data from the four bedrock wells are insufficient to produce one 

potentiometric configuration for the bedrock aquifer. However, since there is no evidence 

of contamination in the bedrock aquifer at this time, defining the flow direction is not 

critical for the Phase IA investigation.

1 •_.. . . Two potentiometric maps were developed for the overburden deposits. The first map 

(Figure 4-4) plots data from piezometers completed approximately 5 feet above the till or 

bedrock (deep piezometers). The second map (Figure 4-5) plots data from piezometers 

completed^ approximately .5 feet below the water table, (shallow piezometers).

„,. The potentiometric map for the deep overburden piezometers/wells (Figure 4-4) has 

several notable features: .

o A comparatively steep potential gradient is present around bedrock high areas 

j north t of the Pawtuxet River (P-20D and P-19D). In contrast, the inferred 

contours north of the river show a less steep potential gradient between the 

. bedrock.high areas. . ..7 . ,::%7 ..t ....% if

o

'T./J

The piezometric surface in._f.he deep part of the overburden.aquifer in ..the 

.io.Wanyick. Area is . not. well defined ,due to a lack of,;piezometers/wells 

penetrating to the bottom of the overburden deposits. , _. ,

o The ground water elevation at P-18D is lower than the elevation of the water 

surface in the Pawtuxet River. The cause of this anomalously low value, is 

unknown. P-18D is screened across a zone for which there was no recovery 

in the stratigraphic-boring because, of flowing, sands, Therefore, the geology 

of the. screened interval is unknown. r . , ..,w.
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o Except at P-18D, the downgradient direction appears to be toward the
_i ' 11:'?-3 V'/

Pawtuxet River.

Horizontal potential gradients in the deep part of the overburden deposits 

range from 0.02 to 0.10 (feet per horizontal foot), with the highest gradients located between
. -1 < . 7

the bedrock highs and the Pawtuxet River. This range of gradients was calculated using the 

inferred contours on the potentiometric map.

. , . . * >.**%*.*• The potentiometric map for the shallow piezometers/wells (Figure 4-5) was based

on more data and so is more detailed. Several aspects of this potentiometric map should

be noted:

o Similar to the deep overburden potentiometric map, the shallow overburden 

potentiometric surface is comparatively steep around the bedrock high areas 

(P-20S, P-7S-A and P-7S-B). The contours approach a configuration parallel 

to the river between the bedrock high areas and the river. Between the

bedrock high areas the potentiometric surface is less steep.
1 . , •; ; 1 ■ ■ !.-••• .. - v,./\ ' rn: 1./ ‘-uii-;:

;.. i, ■.- -- ■ ... • : - ■ ;="■*■. '■

o ' The potentiometric contours are roughly parallel to the river in the Warwick
.• .M..; • k.i- :■ ■■ :;v 1 • '■ •" ••(.'.'/n:

Area.

o In the Production Area, the potentiometric surface becomes steep 

immediately adjacent to the bulkhead; this steep incline of the water table
j -f,-•;■ ii'j *r . ! .' ’ ’ . ’•.* J r 4. . < ’ i'’■ • ■ 7 i11. \j!j

may be caused by flow downward to a discharge zone underneath the bottom 

edge of the bulkhead, an elevation of about -35 feet relative to MSL.

The horizontal potential gradient in the shallow overburden deposits in the 

Production Area ranges from 0.013 to 0.10 (feet per horizontal foot). The potential gradient 

is highest in the area near the bedrock high in the residential area (near P-20S, between the 

Production^ and Waste Water Treatment Areas). Horizontal potential gradients 'in the

CGHYDGEO.MPD 4-8
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shallow overburden deposits range from 0.01 to 0.10 (feet per horizontal foot) in the Waste 

Water Treatment Area. In the Warwick Area (south of the river), horizontal potential 

gradients range from 0.02 to 0.066 (feet per horizontal foot).

The existence of nested pairs of piezometers or wells permits calculating vertical 

potential gradients by comparing water elevations in the two piezometers/wells. The 

elevation of the water in one piezometer/well is subtracted from the elevation in the other 

piezometer/well to obtain the change in head (AH). The AH is divided by the distance 

between the tops of the screens in the piezometers/wells (AL). The ratio of these values 

(AH/AL) is the vertical potential gradient. Figure 4-6 illustrates the vertical potential 

gradient in each nested pair of piezometers/wells at the facility.

Upward vertical potential gradients within the overburden aquifer range from 0.009 

to 0.263 (feet per vertical foot). A few downward potential gradients were observed within 

the overburden deposits: 0.017 (feet per vertical foot) in P-1S/P1-D and 0.031 (feet per 

vertical foot) in MW-6S/P-18D. The downward potential gradient near the bulkhead in the 

Production Area may be caused by ground water flow downward underneath the bottom 

edge of the bulkhead. The cause of the downward gradient around MW-6S/P-18D is 

unknown; however, P-18D is screened across a zone for which there is no geological 

information. It is possible that P-18D is screened across clay, which would cause the 

potential gradient calculation to be inappropriate.

Upward vertical potential gradients from the bedrock aquifer to the overburden 

aquifer range from 0.013 to 0.648 feet per linear vertical foot. The vertical potential 

gradient data for MW-8S/RW-2 is merely an estimate because measurements on
' ' „ l . 1 1 ;. j

13 September 1990 indicated that MW-8S was dry. However, the water elevation in MW-8S 

could be assumed to be less than 7 feet based on the potentiometric contours. Using this 

assumed elevation limit, the vertical gradient from RW-2 would be upward to the 

overburden aquifer by at least 0.214 (feet per vertical) foot. However, other reasonable 

assumptions could be made, so this vertical potential gradient should be regarded with
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caution. A downward vertical potential gradient of 0.033 (feet per vertical- foot) was 

observed in the residential area at P-20D/RW-4. The cause of this downward vertical 

potential gradient is unknown. ;i;

4.4.3 Hydraulic Conductivities of the Bedrock and Overburden Aquifers. .

. i

Hydraulic conductivity values were generated using two techniques - slug testing and 

laboratory testing. Slug testing yielded hydraulic conductivity values for screened intervals 

in the overburden aquifer. Laboratory values for hydraulic conductivity were measured on 

samples of clay and clayey silt collected from the overburden deposits. Therefore, hydraulic 

conductivity values from slug. testing correspond to the. higher-yielding parts ? of the 

overburden aquifer. In contrast, laboratory-generated hydraulic conductivities correspond 

to sediments that may function as aquitards or leaky confining layers. ; r -/;■

. , I

Slug tests were conducted from 20 August to 22 August 1990 on all the piezometers 

and wells installed during the Phase IA investigation. The field data were reduced using a 

variety of techniques, but the Cooper technique (Cooper, et al., 1967) was used for, most, of 

the data reduction, with modifications based on Pandit and Miner (1986). Appendix G 

presents the slug test, data and an explanation of the data reduction techniques used. 

Table;4-3 lists the tested piezometers/wells along with-the test results. For some tests, data 

[reduction: was nqt,possible:;{rIn:pthcr words, the. test results could not be matched to;any;of 

•the (type-curves. In .the rising .head test for-P-HS, (transducer movement or rapid recovery 

.of^he water jevel -may, have caused.the-lack of a match to a type curve.; In both prising and 

falling'head,tests for ,F-22S, the data could not be matched to a type curve.; ,A likely;-reaspn 

is that the length of the slug cylinder exceeded the height of the water column in the 

piezometer. At RW-2, very slow recovery of the water level during the rising and falling 

head tests may have caused the data to take a shape that precluded a match to a type curve. 

At P-18D, the cause of the variability in the test results is not known.
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* / Hydraulic conductivities ranged from 0.1 to 1163 gallons per day per square foot

(gpd/ft2),-a range that encompasses five orders of magnitude. Possible causes of this 

variation include natural variation in the formation and inappropriateness of slug testing to 

some ranges of hydraulic conductivity. In addition, slug testing is error-prone in rapidly 

recharging wells/piezometers; rapid recharging was observed in some of these slug tests. 

Theoretically, hydraulic conductivity values generated by the falling head tests should be 

close to the values generated by the rising head tests. Differences between the values 

generated by these two test methods suggest the magnitude of error variance in these tests. 

At best, the slug test values should be regarded as approximations of the aquifer properties.

' Undisturbed samples collected from clay and clayey silt in the overburden deposits 

were analyzed for saturated hydraulic conductivity. Those results are presented in 

Table 4-5. The hydraulic conductivity values ranged from 8.8 x 10'7 to 4.0 x 10*4 cm/sec. 

Higher values (i.e., 10‘4) are not characteristic of clay or clayey silt (Fetter, 1980), and may 

represent silt or sand layers within the clay or clayey silt. The lower values are characteristic 

of :clay and silt (Fetter; 1980), and indicate that the clay and clayey silt sediments may 

potentially function as aquitards.

■l, Hydraulic conductivity also may be estimated using grain size distribution. Grain size 

analyses of clays; silts, and sands in the overburden deposits were plotted to produce'grain 

size distribution curves; these curvesrare -presented-in Appendix1 E. -The-Hazen method of 

estimating1 hydraulic conductivity from-grain size data (Freeze and Cherry, 1979)' could not 

be-applied :ibrtlie grain size data from this investigation because the samples do not have 

uniform grain size; The Hazen method calculates hydraulic conductivity (k) as follows)

k — C(D10)*

where D10 corresponds to the grain size distribution curve at the grain size value where 10% 

of the sample is finer-grained, and C is a constant with a value approximately equal to 100.
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The Hazen method should be used only when D10 ranges from 0.1 to 3 mm, and when the 

uniformity coefficient (D60/D10) is 5 or less. (D^ is the grain size where 60% of the sample 

is finer-grained.) Dropping the D10 criterion and relaxing the uniformity coefficient 

criterion to 10 or less, hydraulic conductivity can be calculated for only 12 samples using the 

Hazen method (Table 4-6). ■ ; ■ j r

The Kozeny-Carmen method of calculating hydraulic conductivity (k) from grain size 

distribution curves (Freeze and Cheny, 1979) uses the following equation: :

ir
l-n2J

D

180

In this equation, n is porosity, p is the density of water, g is the gravitational constant, and 

u is the viscosity of water. Table 4-6 shows the hydraulic conductivity values for each grain 

size analysis, assuming a porosity value assigned from published literature (Fetter, 1980). 

Laboratory-generated hydraulic conductivity values are also shown in Table 4-6.

4.5 DISCUSSION

The Phase IA hydrogeological investigation provided data indicating that the bedrock 

aquifer is at least partially confined by the till and/or overburden clay deposits. Evidence 

supporting'tiiis conclusion-was provided by the hydrological and geological investigations as 

well.' Considerable lateral variability of lithologies'within the overburden deposits also was 

observed.'" fWatef''elevation",~data for the bedrock "aquifer‘are^''consistent' with two different 

contour configurations, and thus two different conclusions about hydraulic connection to the

Pawtuxet River. The first conclusion is that the bedrock aquifer is hydraulically connected 

to the river; the second is that they are not hydraulically connected. The second conclusion 

is consistent with a confined bedrock aquifer (as is suggested by other data). Therefore, the 

data suggest that the bedrock aquifer is not hydraulically connected to the Pawtuxet River.
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,-tii Upward 'vertical potential gradients were most .common in the nested pairs of 

piezometerrs/wells. However, some downward potential gradients within the overburden 

aquifer and down to the bedrock aquifer indicate the potential for downward flow. Likely, 

the potential downward flow in the Production Area can be attributed to the effect of the 

bulkhead; the cause of other downward vertical gradients is unknown. In all, the site 

stratigraphy is considerably more complex than was originally conceived. Further 

investigation is required in order to construct an adequate conceptual model of the site. In 

particular, the western end of the Warwick Area and the area north and west of the Waste 

Water Treatment Area are not adequately understood.

4.6 SUMMARY

.The following preliminary conclusions can be drawn:

o Appropriate locations for future monitoring wells can be selected using the 

piezometric maps constructed from the Phase IA investigation. These maps 

indicate the downgradient direction relative to the positions of the Solid 

Waste Management Units (SWMUs), and permit locating the monitoring 

, .wells for eachSWMU appropriately.

_ o _. The upper aquifer was characterized geologically by stratigraphic borings and

........ . geotechnical analyses, and was found to be considerably more complex than

... ,v originally. anticipated.. ,„Clays, silts, and sands..are ,interbedded m the

overburden deposits, and these lithologies are not always continuous laterally.

o The water elevation results for ground water in the bedrock aquifer indicate 

that there may or may not be hydraulic connection to the Pawtuxet River. 

However, if the bedrock aquifer is confined (as suggested by the data), 

hydraulic connection from the bedrock aquifer to the Pawtuxet River is 

unlikely.
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o Ground water flow directions and gradients were inferred from potentiometric 

maps of both the deeper part and the shallower part of . the overburden 

aquifer. Ground water in both parts of the overburden aquifer appears to 

communicate with the river, so potential flow is toward the river. Horizontal 

potential gradients are high in the vicinity of the bedrock highs in the 

residential area and the Waste Water Treatment Area, and are lower between 

those bedrock highs. Vertical potential gradients are mostly upward, but a 

few downward potential gradients, both within the overburden aquifer as well 

as and downward to the bedrock aquifer, were observed. Near the bulkhead 

in the Production Area, downward vertical potential gradients within the 

overburden aquifer probably are artifacts of the bulkhead.

o The seasonal variation in water levels was not documented in the Phase IA 

investigation because the investigation took place only during July and 

August 1990. Seasonal variations in ground water flow can be evaluated by 

comparing Phase IA water level measurements with previous water level 

... i measurements (Table 4-4). Only spring and summer are represented by water 

level.measurement data. Most of the water levels measured in early, spring 

are higher than those measured in late spring and summer. Relatively high 

water levels during the spring correspond to the rainy spring weather. Water 

levels recede during the late spring and summer, possibly in response to less 

rain and/or higher evapotranspiration.

o Aquifer types and boundaries were evaluated. On the basis of both 

hydrological and geological data, the bedrock aquifer appears to be at least 

partially confined by till and/or clay overburden deposits. Potentiometric 

maps of the overburden aquifer indicate that the Pawtuxet River is a constant 

head boundary - that is, the overburden aquifer drains to the river, and the 

elevation of the river surface is expected to remain constant over certain time 

scales. Because of numerous clay lenses and layers in the overburden
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•; ':" •: - deposits, partially confined conditions may exist at some depths and/or

locations in the overburden aquifer.

l 6 r Hydraulic conductivity of the bedrock and overburden aquifer was evaluated 

• ' using slug tests. The hydraulic conductivity values are considered to be only

approximations. Some data indicate that well recovery in the overburden 

materials is so rapid that slug testing is not an appropriate method for 

'' evaluating hydraulic conductivity at this site.

o Overall, the Phase IA hydrogeological investigation provided the following 

new information: the bedrock aquifer appears to be confined, the 

potentiometric maps of the overburden aquifer were refined, and the vertical 

: potential gradients are variable. However, information from the Phase IA 

hydrogeological investigation did not substantially affect the potentiometric 

' - configuration of the overburden aquifer in the vicinity of the SWMUs.

This section of the report concerned the hydrogeological investigation. The following 

section discusses the Phase IA hydrological investigation on the Pawtuxet River.
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TABLE 4-1. SUMMARY OF PIEZOMETER AND MONITORING WELL CONSTRUCTION DETAILS

CIBA-GE1GY FACILITY

CRANSTON, RHODE ISLAND

~
Monitoring Well/Piezometer Data

Well/-;.-

^Piezometer. 

; Number.:

Month/Year 

.... of. 

Installation

Location Data

—m——■
•Elevation Data. Boring Data

Northing Easting.

Ground

Surface

| Top of_

; Riser Pipe Depth

Bottom of 

Monitoring Zone

Bottom

Elevation Depth Elevation

Top of

Monitoring Zone

Depth Elevation

Length of 

Screen

Strata

Monitored

W/A".V.

P-1 S', 4/88 . '248838.37 523997.61 13.57 \ 16.41 10.00 3.57 10.00 3.57 7.00 6.57 3.00 Fill

P-M> 4/88 248841.66 523999.27 13.59- i 16.33.. 49.5 -35.91 43.00 -29.41 40.00 -26.41 3.00 UD

P.-2S . 4/88 248685.97 523887.35- 12.70. ,• 13.85 11.00 1.70 11.00 1.70 8.00 4.70 3.00 Fill

Ft3S ; :•/ 4/88,, 248942.37 524128.06 14.30 15.45 11.50 2.80 11.50 2.80 8.50 5.80 3.00 Fill

Pr4S 4/88 249042.14 523768.11 18.97 19.92 18.00 0.97 18.00 0.97 15.00 3.97 3.00 UD

P-5S.: 4/88 ■ 249030.59 523912.45 18.43., 21.18 16.00 2.43 16.00 2.43 13.00 5.43 3.00 UD

Ph6S. 4/88. 249111.64 524015.45 21.53 23.62 18.00 3.53 18.00 3.53 15.00 6.53 3.00 UD

Pr6M . 4/88 249091.36 524013.09 21.28 , 21.80 . 40.00 -18.72 40,00 -18.72 37.00 -15.72 3.00 UD

; P-7S-A 4/88 ; 249327.86 525323.32 14.73 , 16.26 9.00 5.73 9.00 5.73 6.00 8.73 3.00 UD

! P-7SrB 4/88 ; 249339.03 525320.60 14.63« 15.68, 14.00 0.63 14.00 0.63 11.00 3.63 3.00 UD

P-8S 4/88 249180.78 524849.59 15.04 16.21 11.50 3.54 11.50 3.54 8.50 6.54 3.00 UD

P-9S £. 4/88 249434A9 524997.15 14.88, 16.10 12.00 2.88 12.00 2.88 9.00 5.88 3.00 UD

PrlOS; 4/88.. 249083.97 524985.17 12.50 14.13 12.00 0.50 12.00 0.50 9.00 3.50 3.00 UD

P-11S; 4/88. 249627.05 525025.11 14.50 17.95, 10.00 4.50 10.00 4.50 7.00 7.50 3.00 NE

P-12S-A 4/88 i 249371.03 524763.23 14.21 . 15.29 12.00 2.21 12.00 2.21 9.00 5.21 3.00 NE

i P-12S-B 4/88 249372.42 524766.81 14.21 15.32 26.50 -12.29 15.00 -0.79 12.00 2.21 3.00 NE

P-13S 4/88 249521.49 523773.93 23.82- s 26.99 15.00 8.82 14.00 9.82 11.00 1282 3.00 :nb:

B-14S. 4/88 249789.33 523852:83
f •?.( »**'
23.74 24.18 13.00 10.74 13.00 10.74 10.00 13.74 ’ ioo: ub^

i p-wp ,4/88 249786.61 523846.62 23.68
^ . 23.95 58.50 -34.82 50.00 -26.32 47.00. -23.32 3.00” Tift —

P-15S 7/90 248665.87 524090.11 '13.95 15.69 NA NA 15.50 .-1.55. 12.50 1.45 3.00 UD

AM-613T.CG

Done by MD; checked by CT 'r. ri' i/l/R'U a

_ ___________

u
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TABLE 4-1. SUMMARY OF PIEZOMETER AND MONITORING WELL CONSTRUCTION DETAILS

CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

• i l
Monitoring Well/Piezometer Data

JPjezometerj

Number

Montb/Year

of

Insta Hation

Location Data , '' "Elevation Data Boring Data

Northing Easting

Ground ' 

Surface .

_Top of 

Riser Pipe Depth

Bottom'of 

Monitoring Zone

Bottom

Elevation Depth Elevation

Top of

Monitoring Zone

Depth Elevation

Length of; 

" Screen !

r>! j
Strata

Monitored

I.-J f;

P,-I6S | 7/90 248392.01 524030.95 . 14.26 16.29 NA NA 15.50 -1.24 12.50 1.76 3.00 UD

i'.P-l:7S .7/90 248521.88 524237.36 , 15.28 17.07 NA NA 14.50 0.78 11.50 3.78 3.00 UD

I.P.-18D 7/90 248993.61 525312.07 . 11.41 13.27 NA NA 66.00 -54.59 63.00 -51-59 3.00 UD

•Prl?D :?/90 249349.16 525315.77 13.70 17.21 28.10 -14.40 28.10 -14.40 25.10 -11.40 3.00 UD

i P-20S 7/90 249046.23 524252.46 24.60 24.02 NA NA 22.00 2.60 19.00 5.60 3.00 UD

!. Ri20D i 7,-90 249044.49 524256.97 24.61 24.30 NA NA 26.00 -1.39 23.00 1.61 3.00 UD

!, P.J21S . -7,-90 248901.93 524435.27 . 15.19 16.96 NA NA 17.00 -1.81 14.00 1.19 3.00 UD

: P-21D 7,*90 248907.61 524443.58 14.04 15.75 42.00 -27.96 37.00 22.96 34.00 -19.96 3.00 UD

'■ P-22S •7/90 248494.29 524718.20 i 16.53 18.75 NA NA 1550 1.03 12.50 4.03 3.00 UD

P-22D • 7/90 248485.76 524729.56 16.60 17.57 58.50 -41.90 58.00 -41.40 55.00 -38.40 3.00 UD

MW-1S ! ■5/88 248849.44 523990.88 < 13.14 15.04 15.00 -1.86 13.00 0.14 3.00 10.14 10.00 Fill

MW-1D ' 5,-38 248852.28 523985.86 13.93 , 16.28 50.00 -3607 48.00 -34.07 38.00 -24.07 10.00 UD

MW-2S 5/88 248697.91 523904.81 12.56 14.46 20.00 -7.44 18.00 -5.44 8.00 4.56 10.00 Fill

MW-3S 5/38 248937.06 524119.09 , 14.57 i 16.61 20.00 -5.43 18.00 -3.43 8.00 6.57 10.00 UD/Fil!

MW-4S , 5/88 249005.42 523860.29 18.40 21.29 19.00 -0.60 16.00 2.40 6.00 12.40 10.00 UD/Fil!

MW-5S 5/88 249788.80 523849.90 23.82 26.17 .5-18.00 5.82 16.00 7.82 6.00 17.82 10.00 UD

/MW-6S » 5/S3 248995.70 525283 37 11.91 14.04 30.00 -18.09 13.50 -1.59 3.50 8.41 10.00

MW-7S ' .... .5./B8 249307.92 525182.07 13.00 v- 15.25 20.00 -7.00 18.00 -5.00 8.00 5.00 10.00

UD

NE

MW-8S 5/88 249217.26 524936.35 15.13 17.57 30.00 -14.87 15.50 -0.37 5.50 9.63 10.00 UD/Fill

; AM-613T.CG
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TABLE 4-1. SUMMARY OF PIEZOMETER AND MONITORING WELL CONSTRUCTION DETAILS

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Monitoring Well/Piezometer Data

Well/

Piezometer

Number

Month/Year

of

Installation

Location Data Elevation Data Boring Data

Northing Easting

Ground

Surface

Top of 

Riser Pipe Depth

Bottom of 

Monitoring Zone

Bottom

Elevation Depth Elevation

Top of

Monitoring Zone

Depth Elevation

Length of 

Screen

Strata 

. Monitored

MW-9S 5/88 249576.85 524963.95 15.50 17.91 34.00 -18.50 13.00 2.50 3.00 12.50 10.00 UD/Fill

EP-1 249031.39 524120.01 21.64 22.90

EP-2 249529.36 523682.09 23.05 24.52

EP-5 248882.06 525340.61 12.52 15.84

EP-6

EP-7

249162.41 525281.88 10.17 11.04

248686.32 524961.77 14.09 14.37

EP-8 249192.54 523548.92 21.32 24.41

RW-1 8/90 248864.87 523989.83 14.94 16.52 59.70 -44.76 91.00 -76.06 81.00 •66.06 10.00 BR

RW-2 8/90 24921969 524915.59 14.87 18.05 50.00 -35.13 70.00 -55.13 60.00 -45.13 10.00 BR

RW-3

RW-4

8/90

8/90

248990.60 525291.75 11.87 13.49 60.00 -48.13 82.00 -70.13 72.00 -60.13

249039.74 524255.17 24.08 23.79 33.50 9.42 50.00 -25.92 40.00 -15.92

10.00

10.00

BR

BR

NOTES:

1.
2.
3.

4.

5.

6.

Elevations and depths are reported in feet; elevations are referenced to Mean Sea Level.

- = Information Not Available 

UD = Unconsolidated Deposits 

BR = Bedrock 

NE = Not Evaluated
Elevation data based on surveys by Waterman Engineering Co. of East Providence, RI, Louis Federic: Associates of Providence, RI, and Woodv>srd-Oyde Consultants of Wayne, NJ.
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TABLE 4-2. PHASE IA BEDROCK WELL DEVELOPMENT DATA 

CIBA-GEIGY CRANSTON, RHODE ISLAND FACILITY

Bedrock

Well Date

Start Completion DevelopmentJ
Time Time Method Turbidity* Temperature" Conductivity*

RW-1

RW-2

RW-3

RW-4

8/7/90

8/3/90

8/3/90

8/6/90

9:40

11:26

16:05

14:40

13:35

11:46

17:55

15:43

Submersible

Pump/Surge

Submersible

Pump/Surge

Submersible

Pump/Surge

Submersible

Pump

15

NM

NM

NM

17.0°C

18.5°C

19.0°C

19.5°C

11 /jmhos/cm 

190 fimhos/cm 

116 ymhos/cm 

195 /imhos/cm

NM = not measured

* as stabilized readings

pmhos/cm = micromhos per centimeter

AM-613TA



TABLE 4-3. SUMMARY OF SLUG TEST DATA

dBA-GEIGY FACILITY

CRANSTON, RI

I

I

WeUID Test No.

Falling or 

Rising Head Tot

Data Reduction 

Technique TC (gpd/ft) TAQ (gpd/ft) , K (cmfax}:

P-15S P15S Failing Black (1978) NA NA l.l.E-2,,

P15SA Rising Black (1978) Na NA 1.1 E-2

P-16S P16S

P16SA

Falling Black (1978) NA NA

Rising ; Black (1978) NA NA

! 1.1 E-2,

1.1 E-2

T”

P-17S P17S Falling Bouwer & Rice (1976) NA NA 1.7 E-3

P17SA Rising Unable to Reduce Data* '

P-18D P18D

P18DA

Falling Unable to Reduce Data*

Fusing Unable to Reduce Data*

P-19D P19D Falling Cooper et al (1967) 28 240 4.3 E-4

P19DA Fusing Cooper et al (1967) 385 6.9 E-4

P-20S P20SR Falling , Cooper et a! (1967)_ 37 NA 5.7 E-4

•vo-'f.y P20SA . )... jRising Cooper et al (1967) 65. NA 1.0 E-3

P-20D P20D Falling Cooper et al (1967) 4.2 E-5

P20DA Rising Cooper et al (1967) 18 1.0 E-4

I
P-21S P21S Falling Cooper et a! (1967) NA 1.9 E-5

P21SA Rising Cooper et al (1967) NA 1.5 E-5

P-21D P21D Falling Cooper et al (1967) 543 6421 8.5 E-3

P21DA Rising Cooper et al (1967) 2779 32,483 4.3 E-2

P-22S P22S Falling Unable to Reduce Data*

P22SA Rising Unable to Reduce Data*

CIBATBL
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I TABLE 4-3. SUMMARY OF SLUG TEST DATA (continued)
CBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Wtil'ID Test No.

Faffing or 

Rising Head Test

Data Reduction 

Technique TC (gpd/Ft) TAQ (gpd/Ft) K (cmAec)

.P.-22D. P22D Falling Cooper et al (1967) 3490 59,960 5.4 E-2

P22DA Rising Cooper et al (1967) 510 88,829 8.0 E-2

_____RW.-l. RW1 Falling Cooper et al (1967) 26 NA 1.0 E-4

RW1A Rising Cooper et at (1967) 45 NA 1.7 E-4

.RWf2 RW2 Falling . Unable to Reduce Data*

RW2A Rising Unable to Reduce Data*

L___ RW-3 RW3 Falling Cooper et al (1967) NA 1.7 E-5

RW3A Rising Cooper et al (1967) NA 4.3 E-6

..RW.-4 RW4 Falling Cooper et al (1967) 1292 NA 5.0 E-3

RW4A. Rising Cooper et al (1967) 840 -NA 3.3 E-3

------------ NOTES: .......TC -

TAQ'
........K «

Transmissivity across the screened length of the well per Cooper, et al. (1967) in gallons per "day/foot. i‘ 

Transmissivity across the saturated thickness of the aquifer in gallons per day/foot. : _ -1'••

Horizontal Hydraulic Conductivity (in centimeters per second). Reported in scientific rotation (i.e., 3.3 E-3 = 0.0033). 
See text for explanation.. ........... ’ .................... . .... .... . 1. . ___;........ .......... ..... „

! -X • •

..... ~!i
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TABLE 4-4. SUMMARY OF GROUND WATER ELEVATION DATA

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

^Piezometer/.

Weil No.

.Water Level Elevation. 

26 April 1988

Water Level Elevation

7 June !988

Water Level Elevation

19 April 1989

Water Level Elevation 

1 June 1989

Water Level Elevation

13 September 1990

T- -

P-1S, 8.88. NM; 10.16 9.57 8.78

P-1D 8.28. NM-j 9.48 8.68 8.23

?C2S;; 8.01 NMj 934 8.54 8.26

P,-3S: 7.43 NM 8.28 6.66 7.46

......P4S”‘ 11.79 NM 12.81 12.11 11.32

P-5S . 11.22 NM: 12.06 11.51 10.64

P-6S . 11.36 NM, 12.34 11.74 10.63

P.-6M 11.51 NM 12.4? 11.93 11.04 *

P-7S-A 6.25 NM 7.44 6.75 10.70

Pr7SrE, 6.24 NM 7.39 6.76 10.38

if*
PSSj. 6.13 NM 7.12 6.65 6.56

i*-' P-9S 7.86 NM. 934. 8.40 9.11

P.-10S 6.25 NM 7.20 6.69 6.54

P-1 IS 11.79 NM. 12.33 12.16 11.86
|! "P-12S-A

7.80 NM 9.12 8.23 7.64.

P-12S-B, 8.69 NM. 10.19 10.20 8.43 ■

P-13S 13.68 NM 14.73 NM 14.08

M4S,.> 14.91 NM 15.85 15.39 , ,1435,--

P-14D 15.10
i ii ■ ii loi>

NM
, i •/ Ii
16.20 . - i i'15.79

!{ -. ! ;
14.57

' l.,
l.

Done by KM; checked by MD
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TABLE 4-4. SUMMARY OF GROUND WATER ELEVATION DATA

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

^Piezometer/

Well No.

Water Level Elevation j 

26 April 1988

Water Level Elevation
...........7 June 1988

Water Level Elevation

19 April 1989

Water Level Elevation

1 June 1989

Water Level Elevation 

13 September 1990

.. P-15S* NI • NI ,NI .NI 6.84

P-16S* NI V.NI NI NI 7.09

P-17S* NI NI NI NI 935

P-18D' NI NI NI NI 4.93

P.-19D* NI :NI NI NI 13.07

P-20D" NI NI NI NI 10.17

,.P-20S* NI NI NI NI 10.81

; P-21S* NI •NI NI NI 7.01

P-21D* NI NI NI NI 10.16

P-22S* NI NI NI NI 9.21

P-22D* NI •NI NI NI 11.18

• EP?1 10.48 NM .11-41 10.86 10.16

rEP-2 13.79 NM 14.82 14.23 11.%

EP-5 7.49 NM -8.83 8.45 7.48

rEP*6 6.11 NM . <7.33 NM 6.68

EP-7 7.66 NM 9.91 9.16 Dry" ••

EP*8 13.22 14.27 13.60 NM

AMt613T3:-m. j. .v-.--. - --------------------------------------------------------------------- ----------------------------------

Done by KM; checked by MD
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TABLE 4-4. SUMMARY OF GROUND WATER ELEVATION DATA

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

Piezometer/

Wen No.

Water Level Elevation

26 April 1988

Water Level Elevation

7 June 1988

Water Level Elevation 

J.;. 19 April 1989

Water Level Elevation

1 June 1989

Water Level Elevation 

13 September 1990

MW-1S NM 9.57 10.82 9.99 NM

MW-1D NM 9.97 9.74 9.13 8.74

MW-2S NM 8.70 * -10.06 9.35 8.53

MW-3S NM 8.27 ?'9.10i » 8.53 8.20

MW-4S NM 11.58 12.27 11.87 NM

MW-5S NM 14.85 ; 15.80 15.39 14.16

MW-6S NM 6.55 7.52 6.86 6.76

MW-7S NM 6.97 8.03 733 7.14

MW-8S NM 6.07 ; 6.95 ■ .. 6.50 "Dry" ••

MW-9S NM 11.33 ,1232- 11.26 11.54

RW-1* NI NI NI NI 8.76

RW-2* NI NI NI NI 1133

RW-3* NI NI 1 NI NI 10.46

RW-4' NI NI NI NI 9.59

NOTES: 1. Elevations are reported in feet and referenced to Mean Sea Level. • 'v s,’ / V ' '
2. NM = not measured; NI = not installed at that time. 1 <- •; . U • . *;•

3. The Pawtuxet River elevation was recorded at the location of the railroad bridge or, 19 April 1989,1 June 1989, and 13 September 1990. The elevations were 6.96,6.46,6.70, and 6:50, respectively.

• Installed during Phase IA • ' ; ‘

•• The measurement indicates that the well/piezometer is dry, but this result is not likely based on other considerations. Field error is likely. ^

*r-

i
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TABLE 4-5. GEOTECHNICAL RESULTS FOR UNDISTURBED SOIL SAMPLES
CIBA-GEIGY FACILITY 

'CRANSTON, RHODE ISLAND 5
. ' ; < i

SAMPLE ID

SAMPLE.
DEPTH
(ft)

DRY BULK 
DENSITY 

(PCf)
POROSITY 

____ (%>

HYDRAULIC 
CONDUCTIVITY 

(cm/sec) *

P19D-ST-1

P19D-ST-2

P21D-ST1

P21D-ST-2

P22D-ST1

P22D-ST2

RW-l-ST-1

RW-2-ST-1

RW-3-ST-1

RW-3-ST-2

RW-4-ST-1

14-16 - 1 

20-22

30-32 .: •

24.5- 26i5 i

34.5- 36.5 1 

„45-47

20-22:
t* i

20-22 

"28-30' 

‘24-26 : '

) 98.3 
! 80.8 

j 98.4 

' 87; 2 

! 96 ;0

; 88.1
I i
! 96:2

j 88.8
! ’
;no.2
;
; 9i: 5 

>107.0

34.3

46.0 

36.9

41.8

35.9

41.1

35.7

40.7

26.4

38.9

31.4

.0 E-6 

.6 E-6 

.8 E-7 

.0 E-4 

.1 E-6 

.4 E-5 

.0 E-5 

.3 E-5 

.3 E-4 

.7 E-6 

.5 E-7

pcf = 
*

i 1
pounds per cubic foot > j ! \ •
Hydraulic conductivity ; values are i written in' scientific 

(i-.e., 2.3 E-4 = 0.00023). i
notation

; i

, }

; ;
i I

r 'is ii

! ] ! i -s 1 ! ;i

AM-613SS
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TABLE 4-6. CALCULATION OF HYDRAULIC CONDUCT VITYFROM"
GRAIN SIZE DISTRIBUTION CURVESTTO"

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

GRAIN SIZE SAMPLES FROM THE SATURATED ZONE

ASSIGNED HYDRAULIC HYDRAULIC HYDRAULIC
SAMPLE ID GRAIN SIZE D10 D50 D60 D90 D60/D10 POROSITY CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY

CLASSIFICATION (mm) (3) (mm) (3) (mm) (3) (mm) (3) (uniformity from Fetter, 1980) (4 BY HAZEN BY KOZENY-CARMEN BY LABORATORY
ATD50 (2) ratio) METHOD METHOD METHOD

(cm/sec) (5) (cm/sec) (5) (cm/sec) (5)
P22DSS5 SAND 0.001 0.094 0.11 0,2 110.0 0.275 2.1E-01
P21DSS15 SAND 0.056 0.18 0.24 0.67 4.3 0.275 3.1 E-03 7.8E-01
RW4S9 SAND 0.013 0.15 0.19 0.55 14.6 0.275 5.4E-01
RW3S7 SAND 0.14 0.89 1.2 3.1 8.6 0.275 2.0E-02 1.9E01
RW1SS13-15 SAND 0.093 0.74 0.92 9.9 0.275 8.6E-03 1.3E01
RW-ISSS'"' - ••• :SAND 0.068 r< ”0.49 s •' • 0.72; i : t- 2.7 -10.6 0.275 5.8E00
P21DSS18 ' r,l‘l •SAND”- 0.001 •1.3: •’•'M,8'i-”' 4.9 •1690.0 - C.275 4.1 E01
P19DSS67A SAND.’ -: 0.13 a- * .4. 1:8S‘: ■-■•4.3 13.8 ;:c-0.275-' ■Ji- »'U- 4.7E01
P19DSS4 . •1SANDliI- 0.089 • 0.59 0.86 ‘ i.3 9.7-M^ 0.275 7.9E-03 8.4EOO
RW39T1 SAND 0.001 -1 -ro;o3 0.096-’ 0.19’ • 96.0 0.276 ’ 1^- ' • A-Jlt-.V 1.EE-01
RW3S4 SAND 0.0033 0.14 0,17 0.44 51.5 0.275 4.7E-01
RW2S22 SAND 0.001 0.17 0.23 0.68 230.0 0.275 7.0E-01
RW1SS24 SAND 0.001 0.95 2.2 4.9 2200.0 0.275 2.2E01
RW1SS20’
P2-1DST2

SAND 0.0033 0.0S6 0.14 0.43 42.4 0.275 2.2E-01
SAND 0.067 t'0:2 0.24 0.38 t3.6 0.275 4.5E-03 9.7E-01

P19DST1 -SILT 0.001 C.0058 0.0089 0.05 8.9 0.425 1.0E-06 4:3E-03 5.0E-06
RW2ST 5 i:SILT 0.0023 0.036 0;048 0.22 20.9 0,425 1.8E-01
RW4ST1 SILT- 0.001 0.007 0.013 0.44 -13.0 0:425 6.9E-03 8.5E-07
RW3ST2 :i -SILT 0.001 0.02 0.029 0.066 29.0 0.425 ;; 5.7E-02 1.7E-06
RW2ST1 -SILT 0.001 0.0076 0:012 0.05 12.0 0.425 8.2E-03 1.3E-05
RW1ST1 SILT 0.001 0,005 0.0073 0.027 7.3 0.425 •;1.0E-06 3.5E-03-V

P21DST1 SILT 0.001 0.0058 0.0089 0.043 6.9 0.425 i 1.0E-06 i 4.8E-03
2.0E-05-':
8.6E-07'

P22DST2 SILT 0.001 '0.0057/ ;i,o.oo8;/ r'!;0.G13?! 8.0 r*:-0,425 S'-. 1 .CE^CG'I s” 4.6E-03 :J/ 1.4E-05
P190ST2-1 Oi SILT 0.001 0.0058 0.0078 0.026 7.8 i CO.425 •• - 1.0E-06 .»■ CC.4.8E-03.:U • CV1.6E-06
P22DST1 CLAY 0.001 0.0033 0.0054 0.027 5.4 v<- 0.465-L 1.0E-0Sir' :-2.3E-03"' '2i1 E-06'C

1 -'rs

.! ......... J. Cj.Y I :~V-- ‘..Si..
U/'.ILL __ L
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TABLE 4-6. CALCULATION UP HYDRAULIC CONDUCTIVITY FROM
GRAIN-S!ZEDISTR!BUTION CURVES. (1)

CIBA-GEIGY FACILITY

CRANSTON, RHODE ISLAND

GRAIN SIZE SAMPLES FROM THE UNSATURATED ZONE
0 C/O • ASSIGNED HYDRAULIC HYDRAULIC HYDRAULIC

SAMPLE-ID GRAIN SIZE D10 00538 -D60i >D90? D60/D10 POROSITY CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY
CLASSIFICATION (mm) (3) (rr.m)-‘{3) (mm) (3) (uniformity from Fetter, 1980) (4 BY KAZEN BY KOZENY'-CARMEN BY LABORATORY

ATD50 (2) ratio) METHOD METHOD METHOD

H/.-t!l i (cm/sec) (5) (cm/sec) (5) (cni/sec) (5)
P22DSS2 SAND 0.001 0.022; 0.044 0.15 44.0 0.275 1.2E-02
P22DSS3B SAND 0.16- ',1 C 1.5-- 0 9.4 0.275 2.6E-02 2.4E01
RW4S5 •' SAND 0.001 0.181 0.251 0.79 250.0 0.275 7.8E-01
5W2SB2 SAND 0.08H 0:737 <4\2 ;j 4.8 14.8 0.275 1.3E01

P21DSS1 SAND 0.072 0.59 .1.6 j 4.8 22.2 0.275 i Y, i. 1.9E01-
P21DSS5 SAND 0.003 o:i5 0:18 0.76 60.0 0.275 5.4E-0t
P.19DSS1-2 SAND 0.0035 0.14; 0.1: 0.42 48.6 0.275 4.7E-01

t'M i iY&. tty- ■ 3T-L0S
1} r.’v? ■ •m

uMvs.s-: 0 U O'H
(1) Calculation methods used include the Hazen and the Kozeny-Carnien methods (Freeze and Cherry, -1979). Laboratory values are also shown. See text for equations
(2) Classification used to characterize the median grain size (D50) of the sample is Wentworth-Udden (Leeder, 1982). i'O
(3) D10, D50, D60, and D90 denote the grain size values from the distribution curves for which 10%, 50%;'60%, and 90% of the sample, respectively,is finer-grained,
(4)-Porosity values were selected from a table of typical porosity values for unconsolidated'sand, silt, and clay (Fetter,’1980).
(5).‘-Hydfaulic conductivity values are reported in scientific notation: 1.0 E-03 - 0.001 cm/sec.
■ W.Y, <';>

:-'i /1L-

v v'0

f • jV »v w • t j 5
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Figure 4-2A, The D10, 050, and 090 of overburden samples 

collected from soil borings, CIBA-GEIGY, Cranston, Rl, 

plotted on a logarithmic scale.

Sample Identifier

Done by MD, checked by RH











Figure 4-2B. The D10, D50, end 0#0 of owSurttWl CWBpfeO 

collected from coll boring*, CIBA-OEIOY, CfViCtsn, R), 

plotted on • Une«/ nolo.
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SECTION 5

HYDROLOGICAL INVESTIGATION

5.1 OVERVIEW

A hydrological investigation of the Pawtuxet River was undertaken along the reach 

bordered by the CEBA-GEIGY Cranston facility (hereafter called the "facility reach"). The 

facility reach extends from just upstream of the Bellefont Pond drainage outlet to just 

downstream of the Warwick Avenue Bridge (Figure 5-1). Chapters 1 and 3 in Volume 1 

of the RFI Proposal contain detailed descriptions of the Pawtuxet River and its watershed, 

based on information obtained from the United States Geological Survey (USGS) and from 

CIBA-GEIGY files.

The RFI Proposal included a geographical description of the river and its watershed, 

a discussion of flow statistics for the river at the USGS gauge at Cranston, a review of 

estimated sedimentation rates, and a review of the Rhode Island state classification of the 

Pawtuxet River. All the information about the river in the RFI Proposal was obtained by 

searching the literature. For this reason, the Phase IA hydrological investigation included 

direct measurement or evaluation of the river flow, bathymetry, and sediments along the 

facility reach. For example, the flow and sedimentation of the Pawtuxet River along the 

facility reach were evaluated using the data gathered in this investigation. Water discharge 

data were compared to USGS data for the Pawtuxet River. Sedimentation patterns were 

evaluated using bathymetry, suspended sediment sampling, and by calculating the flow 

regime for the flow conditions observed during the investigation.
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5.2 INTRODUCTION AND OBJECTIVES

The hydrological investigation of the Pawtuxet River was conducted in accordance 

with the Facility Investigation Work Plan in Volume 1 of the RFI proposal. The'overall 

goal of the hydrological investigation was to evaluate the physicochemical characteristics of 

the river with respect to storage and/or transport of constituents of concern. To accomplish 

this goal, the following activities were undertaken:1 u 1 f '

o Describe the location, elevation, depth, width, flow rates/seasonal variation, 

flood potential, and Rhode Island state classification along the facility reach 

of the Pawtuxet River.

o Describe the on-site dramage'pattems~f: 1 : jr? ‘ 1 ^ ^ ^ ,

o Locate and^eseribe the riverbed sediment depositional areas: J , 

o Evaluate the riverbed sediment thickness profiles. ;f '! ' '

inj:"’’ 0’; Characterize rile physical properties of riverbed sediments using grain size 

distribution, bulk density, cation exchange capacity, pH; porosity, arid total 

organic caibon. 1 : • - ' * •' v ' • '......

j.j METHODS ANDf ANALYSES

The methods and analyses used in the hydrological investigation are described here.

5:3.1 Literature1 Review ‘ : ”

'‘‘The following information was available at the United States Geological 

Survey-Water' Resources Division (USGS-WRD) office in Providence, Rhode Island, and 

was reviewed for the investigation:
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o Average daily discharge data for the Pawtuxet River at the Cranston, Rhode 

Island gauging station for the Water Years 1978, and 1980 through 1987.

. o; Selected daily flow statistics based on the entire period of record (1941 

..through 1985).; ,

o A rating table showing discharge values as functions of river stage. (Stage is 

defined as the elevation of the river surface above a reference point).

5.3.2 Bathymetric Survey

River reconnaissance was performed to prepare for bathymetric surveying. WCC 

personnel established end points for ten transects; of the river, and also verified the location 

of outfalls to the river from CIBA-GEIGY property. The exact locations of transect end 

points were surveyed, subsequently, by Federici Associates, Inc. of Providence, Rhode Island. 

Verified outfalls included both surface outfalls from various SWMUs and the process water 

outfall from the Waste Water Treatment Plant. , ,

. A bathymetric map of the Pawtuxet River along the facility reach was generated from 

a survey conducted on 23 July 1990. by Ocean Surveys, Inc. (OSI) of . Old Saybrook, 

Connecticut. WCC personnel accompanied OSI personnel during the survey. The 

bathymetric survey was run along ten transverse transects (shown in Figure 5-1) and one 

longitudinal transect. Survey equipment included a Raytheon DE-719C survey grade 

fathometer and a hip chain. The fathometer was calibrated by performing bar checks before 

and after surveying the transects. (A bar check involves positioning a stainless steel lead line 

at a point of known depth in the river, and adjusting the electronic signal of the fathometer 

to produce the correct depth on the chart recording.) Extensive aquatic macrophyte beds 

(weeds) obscured part or all of the fathometer output on five transects: TR-F01, TR-F02, 

TR-F03, TR-F05, and TR-F10. For those transects, depth was measured every 10 feet along
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the transects with a rod calibrated in 0.25 foot increments. The post-survey bar check 

indicated that drift on the fathometer was less than 0.5 feet during the survey. r ; v

' Vi . •
53.3 Water Discharge Surveying . ,jV; ,> ,r.~

Two additional transects were established along the facility reach for ,water and 

sediment discharge monitoring. The Discharge Survey Upstream (DSU) transect is located 

approximately 75 feet upstream of TR-F02; the Discharge Survey Downstream (DSD) 

transect is located approximately 30 feet upstream of TR-F08. Important characteristics of 

these locations include the shape of the river channel in cross-section, the lack of turbulent 

eddies on the surface, and location at the upstream and downstream ends^of theffadlity: 

reach. The DSU and DSD transects also are shown in Figure,5-1.

, >•' - . ‘J- r‘ jt v;: • :i‘' 'rv*\

Discharge was monitored at both transects on 25 July, 3 August, and 20 August 1990. 

At each discharge monitoring transect, a line was tied to trees on opposite banks and pulled 

tight to provide a tie-line. Measurement locations were established along the tie-line in 

accordance with the USGS mid-section method (USGS, 1977), illustrated in Figure 5-2. 

Reconnaissance measurements of the water velocity were taken at about 6 representative 

points on each transect in order to establish the measurement locations on the transect 

The goal was to choose a full set of measurement locations such that in no case would the 

discharge of a partial section (qi) exceed 10% of the total discharge of the river flow (Q). 

Since the discharge of the partial sections, was to .be held relatively constant .,(10%). 

measurement, locations were spaced widely where, discharge was low, and closely where 

discharge was high. .Despite the reconnaissance measurements, the discharge in 30 of the 

72 partial sections exceeded 10% of the total river discharge, as shown in Figures 5-3 and 

5-4. This outcome may have resulted from variability of flow at different stage values.

.. , .. The depths,at each measurement location on DSU and DSD were measured using 

a .rod calibrated in 0.25-foot increments. The flow velocity at each measurement location 

was measured using a factory-calibrated Marsh-McBirney model 201 flow meter.; According
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to USGS (1977), when total depth at a measurement location is greater than 2.5 feet, the 

flow velocity should be measured at two depths: at 20% and at 80% of the total depth. 

These measurements are averaged to obtain one flow velocity measurement for the 

measurement location. When total depth is less than 2.5 feet, flow velocity should be 

measured at 60% of the depth below the water surface (USGS, 1977). In most cases, depths 

at'the measurement locations were greater than 2.5 feet. The river stage was recorded 

before and after each monitoring event at transects DSU and DSD by reading two staff 

gauges calibrated in 0.1-foot increments.

Total water discharge was calculated for each transect during each event using the 

USGS mid-section method (USGS, 1977).’ River discharge values generated by the USGS 

using this method have variable accuracy, ranging from +. 2% (considered excellent) to 

more than +. 8% (considered poor). The accuracy is estimated by the investigator 

conducting the discharge survey based on prior discharge monitoring experience (USGS,
K

personal communication, 1990). The dynamic nature of river discharge is a main reason for 

uncertainty in determinations of accuracy. For this investigation, it is estimated 

conservatively that the accuracy of calculated discharge values is +. 10%.

5.3.4 Suspended Sediment Discharge Monitoring

Depth-integrated water samples were collected concurrently with water discharge 

monitoring at each of the measurement locations along DSU and DSD. The samples were 

collected with a peristaltic pump equipped with a flexible intake tube. Depth integration 

was achieved by raising the intake of the tube at a constant rate from approximately 6 

inches above the river bottom to the top of the water column.

Water samples were analyzed for total suspended solids (TSS). The TSS 

concentration in each sample is considered representative of the TSS concentration in each 

partial section. Water discharge (qs) for each partial section was multiplied by the 

corresponding TSS concentration to yield suspended sediment discharge (ss-) in each partial
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section. Total suspended sediment discharge (SSX) is the sum of suspended sediment 

discharge in all of the partial sections: ' .."r

(liters/sec) x TSSj (mg/liter) = sst (mg/sec)

* . ,' r, ,

ssj (mg/sec)/1000 = sst (gm/sec) ^ . : . ■ ■

SST (gm/sec) = E (ssj (gm/sec) . ;

Based on duplicate TSS analyses, estimated accuracy of the TSS results was

mg/1.

5.3.5 Riverbed Sediment Characterization

Riverbed sediments were collected at eight locations shown in Figure 5-1. At six of 

the locations (SD-F01R, SD-F01AR, SD-F02R, SD-F03R, SD-F05L, and SD-F10R), both 

undisturbed and disturbed samples were collected. Undisturbed samples were collected 

using a push core apparatus. A 10-foot length of 4-inch diameter aluminum pipe was 

pushed into the sediment until refusal was encountered. The pipe was filled with river water 

from the top and sealed at the top with a plastic cap to provide a partial vacuum during 

withdrawal of the core (Surface tension and the partial vacuum act to retain the sediment 

inside the pipe during withdrawal). The pipe was pulled out of the water quickly and sealed 

on the bottom with a plastic cap. A hacksaw was used to saw off the section of the pipe not 

filled by sediment, and then the top of the sediment core section was sealed. The top, 

bottom, and sample number were marked on the outside of the sealed pipe. Undisturbed 

samples were analyzed for porosity, bulk density, and particle size distribution.

Disturbed samples were collected in a similar manner; however, when the pipe was 

pulled out of the water, the sediment, was extruded from the bottom of the pipe into a
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labelled 500 ml glass jar. Disturbed samples were analyzed for pH, cation exchange capacity 

(CEC), and total organic carbon (TOC).

Attempts to collect push cores at SD-F06L, SD-F07R, and SD-F08R were 

unsuccessful on 25 and 26 July 1990. Grab sample collection was attempted at all three of 

these locations on 3 August using a Shipek Model 860 grab sampler. Large cobbles became 

lodged in the sampler intake at SD-F06L and SD-F07R, causing loss of sample as the 

Shipek was hoisted through the water column. Repeated sampling attempts resulted in 

collection of sample sufficient only for particle size distribution analysis at SD-F06L and SD- 

F07R. No sample was recovered at SD-F08R despite repeated sampling attempts with the 

Shipek sampler. Due to the difficulties encountered during grab sampling, the particle size 

distributions of samples collected using this method may not be representative of the 

riverbed sediment.

.}
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5.4 RESULTS OBTAINED

The results of the Phase IA hydrological investigation are described here, including:

o a general description of the Pawtuxet River; 

o the bathymetry of the river along the facility reach;

o water discharge in the river along the facility reach;

o suspended sediment discharge in the river along the facility reach; and ''

o physicochemical characteristics of sediments in the river along the facility

reach. '

These results are discussed more generally in Section 5.5. . ■ “ • * ! :1

• (

5.4.1 General Description of Pawtuxet River

The Pawtuxet River and its watershed were described in detail in Volume 1, 

Chapters 1 and 3, of the RFI Proposal. This section summarizes the background 

information in that document and reviews newly acquired information concerning the river.

The Pawtuxet River basin includes approximately 230 square miles (Metcalf and 

Eddy, 1983). The north branch of the river (about 6 miles long) flows from the Scituate 

Reservoir, while the south branch (approximately 9 miles long) flows from the Fiat River 

Reseivoir. The two branches converge at River Point in West Warwick, from which point 

the main stem of the Pawtuxet River (about 12 miles long) flows into Pawtuxet Cove in 

Narragansett Bay. The main stem of the river flows through highly developed residential,' 

industrial, and commercial areas. In addition to the two reservoir dams located at the 

upstream reaches of the north and south branches, flow in the Pawtuxet River is regulated

by the Pawtuxet Cove Dam and multiple small mill dams throughout the length of the river.

■ ■ '■!

iV 'i'T - s. ! 'i : ’ ■'!

CGPH1ARE.MPD 5^8



t ‘ f

Rhode Island state classification of Pawtuxet River water varies along the length of 

the river. The main stem of the river above the Cranston Sewage Treatment Plant (STP) 

is Class C (suitable for boating and other secondary contact recreational activities, for fish 

and wildlife habitat, and for industrial processes and cooling). Below the Cranston STP, the 

Pawtuxet River is Class D (suitable for migration of fish and has good aesthetic value).

The topographic elevations of several surface water bodies in the vicinity of the site 

were checked on a topographic map of the area. Pleasure Lake, Edgewood Lake, and 

Elmwood Lake are interconnected lakes located in Roger Williams Park. They have a 

water surface elevation of 29 feet above mean sea level (MSL). Fenner Pond has a surface 

water elevation of 23 feet. The elevation of Bellefont Pond is not shown on the map. 

However, it is entirely enclosed between the 10-foot and 20-foot contour lines, and therefore 

has a surface water elevation greater than 10 feet and less than 20 feet. The hydraulic 

gradient of ground water in the water table aquifer at the CIBA-GEIGY facility is toward 

the Pawtuxet River, and the river elevation has ranged from approximately 6.5 to 7.5 feet 

above MSL during the Phase IA investigation. Therefore, the Pawtuxet River appears to 

be the only surface water body in the area that is hydraulically downgradient of the facility.

Sedimentation rates in the Pawtuxet River have been measured by a few 

investigators. On the basis of anthropogenic marker compounds contained in the sediments, 

Avila and Hites (1979) estimated sedimentation rates of 2.1 and 3,4 cm/year for two 

locations (one location adjacent to the facility and the other location approximately one mile 

downstream of the facility). Using a similar methodology, Quinn, et al. (1985) estimated 

that sedimentation rates ranged from 2.4 to 2.6 cm/year in the 1960s and from 0.6 to 0:9 

cm/year in the 1970s. They attributed the decrease in sedimentation rate tc cessation of 

construction activities associated with Interstate Highway 95.

The USGS Cranston stream gauge has a period of record from 1941 to 1985 (data 

from more recent years is not yet in the computer data base at the USGS-WRD office in 

Providence). The time-duration curve for the Pawtuxet River at Cranston for the period
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1941 to 1985 is shown as Figure 5-5. Low and high extremes for mean monthly discharge 

are 75 cubic feet per second in July 1957 and 1788 cubic feet per second in April, 1987, 

respectively. Geographic limits of the 100-year floodplain of the Pawtuxet River in the 

vicinity of the facility are shown in Chapter 1 of the RFI Proposal (Volume 1).

The Providence USGS-WRD has generated a rating table for the Pawtuxet River at 

the Cranston gauge that relates discharge to river stage (i.e., elevation of the river surface); 

The period of record is 1941 to 1985. Figure 5-6 is a rating curve plotted from selected 

values from the rating table. The curve has a distinct break in slope at a discharge of 

approximately 600 cfs. This break in slope may represent a fundamental change in flow 

conditions, such as flooding beyond the banks of the river. , * •

Releases to the Pawtuxet River from the Scituate Reservoir have varied over time; 

Wright and McCarthy (1985) reported that 18 to 20 million gallons per day (mgd) were 

released over a period of 4 to 8 hours every day except Sunday. The manager at the 

Scituate Plant informed WCC personnel in September 1990 that releases are now made 

continuously, amounting to approximately 1 mgd except during springtime periods of heavy 

rain and runoff. . ,

5.4.2 Bathymetry of the Pawtuxet River along the Facility Reach

The bathymetry of the Pawtuxet River along the facility reach as recorded on 

23 July 1990 is shown on Figure 5-1. .It shows the depth contours (with 0 depth equivalent 

to approximately 6.4 feet elevation above mean sea level), location of outfalls, riverbed 

sediment sample locations, and the position of the water discharge monitoring cross-sections 

DSU and DSD.

Water depth in the Pawtuxet River along the facility reach ranges from 2 to 9 feet. 

The depth contours clearly show the development of pools (deeper areas) and riffles 

(shallower areas). Pools are developed in areas where the channel narrows, indicating that
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higher-velocity waters may be scouring the riverbed sediment. In general, pools reflect 

erosional. processes, whereas riffles indicate deposition or resistance to erosion due to 

riverbed sediment resistance or presence of rooted plants.

General morphologies of the water discharge monitoring transects DSU (Discharge 

Survey Upstream) and DSD (Discharge Survey Downstream) can be inferred from the 

bathymetric map. DSD exhibits a fairly uniform morphology, deepest in the middle and 

shallowing toward either bank. In contrast, DSU is characterized by two channels near each 

bank separated by a shoal in the middle of the transect. The morphology of DSU is not 

optimal for discharge monitoring, but it represented the best possible monitoring transect 

at the upstream end of the facility reach.

5.43 Water Discharge in the Pawtuxet River along the Facility Reach

Water discharge was monitored at DSU and DSD on 25 July, 3 August, and 

20 August, 1990. Table 5-1 summarizes the discharge results.

The survey on 25 July was preceded by rainy weather. Rainfall records at T.F. Green 

Airport in Warwick show that 0.53 inches fell on July 24 and 0.55 inches fell on July 25. 

Because the weather cleared by noon on July 25,1.08 inches of rain fell in the (roughly) 36- 

hour period preceding the discharge survey. The river stage increased about 1 foot during 

the night of July 24/25. Therefore, the results of this survey are considered representative 

of higher flow conditions. The calculated water discharge was 337 cubic feet per second 

(cfs) at DSU and 382 cfs at DSD. Based on the USGS-WRD daily flow statistics, the 

discharges measured on 25 July 1990 at DSU and DSD are greater than 65 to 70% of the 

daily flows observed at the USGS Cranston gauge over the period of record (1941 to 1985). 

The discharge increases by approximately 45 cfs from DSU to DSD, a difference amounting 

to about 12% of the total discharge.
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Discharge monitoring on 3 August was preceded by a week of dry weather, so the 

results are likely to represent low flow conditions. The calculated water discharge was 138 

cfs at DSU and 130 cfs at DSD. The discharge values are greater than only 20 to 22% of 

the daily discharge values at the Cranston gauge over the period of record. The discharge 

calculations indicate a slight decrease in river discharge from DSU to DSD. However, the 

decrease in discharge from DSU to DSD (about 8 cfs) is only about 6% of the discharge 

calculated at either DSU or DSD. This 6% difference is within the +. 10% error estimated 

by WCC personnel for the stream discharge monitoring. As a result, it is interpreted that

the difference between discharges at DSU and DSD was not measurable on 3 August.

t

Rain, with an associated rise in the river stage, began while DSU and DSD were 

being monitored on 20 August. The calculated water discharges of 147 cfs at DSU and 

190 cfs at DSD were somewhat higher than the corresponding values from 3 August. These 

discharge values are greater than 25 to 39% of the daily discharge values at the USG5- 

WRD Cranston gauge over the period of record. The river discharge on 20 August fell 

between the discharges on 25 July and 3 August. Discharge increased by 43 cfs from DSU 

to DSD. This downstream gain is a 29% increase from the total discharge measured at 

DSU. '

■ • * •. t

The stage-discharge relationships derived from the three monitoring events were 

compared to the corresponding section of the USGS rating curve for the gauge on the 

Pawtuxet River at Cranston, as shown in Figure 5-7. The lines for DSU and DSD resemble 

closely the line for the USGS rating curve.

• 5.4.4 Suspended Sediment Discharge in the Pawtuxet River along the Facility Reach

■ T Suspended sediment discharge values for DSU and DSD during all three monitoring 

events are presented in Table 5-1. At DSU, suspended sediment discharge ranged from 10 

to 158 grams/sec (0.85 to 13.4 long tons/day). At DSD, the range was 3 to 218 grams/sec 

(0.26 to 18.5 long tons/day). These values represent the mass of suspended sediment
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passing the measurement locations per second at the time of surveying. (Suspended 

sediment concentrations in individual samples ranged from not detected (less than 3 mg/1) 

to 22 mg/I.) Figure 5-8 shows suspended sediment discharge as a function of water 

discharge for both DSU and DSD. Under the water discharge conditions observed during 

the three monitoring events, the suspended sediment discharge increases exponentially with 

increased water discharge as would be predicted because of the higher sediment carrying 

capacity of the river under increased flow conditions.

5.4.5 Physicochemical Characteristics of Sediments in the Pawtuxet River along the Facility 

Reach

Riverbed sediments were obtained by push coring and grab sampling. (The sampling 

locations are shown on Figure 5-1.) The field descriptions and recoveries for each sediment 

sample are given in Table 5-2. Table 5-3 gives analytical results for cation exchange 

capacity, pH, total organic carbon, dry bulk density, and porosity for the riverbed sediment 

samples. This section describes the results for each analyte.

i;.

Grain size distribution curves for each sample are shown in Appendix E. These 

results were produced from grain size analyses that were incomplete. In addition, the values 

for porosity and dry bulk density (given in Table 5-3) are questionable because the analytical 

methodology used may not be appropriate for riverbed sediments. Therefore, the results 

of the geotechnical analyses (porosity, dry bulk density, and grain size distribution) must be 

considered as preliminary.

Cation exchange capacity (CEC) values are very low, ranging from not detected to 

8 milliequivalents/100 grams. A compilation of CEC values for different materials is shown 

in Table 5-4, supporting the conclusion that riverbed sediments from the Pawtuxet River 

have extremely low cation exchange capacity. i . . %
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The pH values of the riverbed sediment samples were all slightly acidic, ranging from 

5.42 to 6.00. These values are expected for a sediment composed of siliciclastic sand and/or 

gravel with little or no buffering soil components (such as carbonate minerals derived from 

limestone or dolomite).

Total organic carbon (TOC) results range from 110 to 20,000 mg/kg (i.ei, 0.01 % to

2.0 % by weight). Gilham, et al. (1980) reported on fifteen unconsolidated geologic samples 

that had TOC concentrations ranging from 0.03 to 2.05% by weight. The TOC content of 

riverbed sediments in the Pawtuxet River appears to be within the range for natural
. i..

materials.

5.5 DISCUSSION

The results of the hydrological investigation are discussed more generally in this 

section.

5.5.1 Calculation of Ground Water Discharge to the Pawtuxet River along the Facility 

Reach

The Pawtuxet River is a gaining stream (i.e., the discharge of the river increases in 

the downstream direction). This description of the river is documented by water levels in 

the water table aquifer that are higher in elevation than the river surface (cf. Section 4.0 of 

this report). Therefore, ground water in the water table aquifer flows downward to the 

river. The cause of increased discharge in a downstream direction in a gaining stream is 

that ground water discharge from the watershed augments the flow of the river.

' When there are no rainfall or runoff surface contributions to the discharge of a river, 

the river is considered to be under base flow conditions. Under base flow conditions, all 

water discharge increases from DSU to DSD would be attributable to ground water
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discharge alone. During rain, discharge increases from DSU to DSD will be caused by a 

variable combination of rainfall, runoff, and ground water discharge.

The river probably was not affected by rainfall or runoff on 3 August because there 

was no rain in the area; therefore, the river appeared to be under base flow conditions. The 

decrease in water discharge from DSU to DSD on 3 August (Table 5-1) reflects the effect 

of error in the discharge measurements. Theoretically, discharge decreases in the 

downstream direction indicate recharge of the aquifer by the river. However, the difference 

in discharge measurements at DSU and DSD on 3 August is less than 10% of the total 

discharge and is regarded as error variance. If true base flow conditions prevailed, these 

results suggest that the amount of ground water discharge from the facility cannot be 

measured by comparing stream discharge values at the upstream and downstream ends of 

the facility reach. In summary, the discharge difference between DSU and DSD was within 

error variance on 3 August and was close to error variance on 25 July. On 20 August, the 

increase in discharge from DSU to DSD was probably affected by rain and a slight increase 

in stage.

On 25 July and 20 August 1990, the amount of discharge gain from DSU to DSD was 

45 cfs and 43 cfs, respectively. However, both of these monitoring events were affected by 

rain. Therefore, it is likely that these results do not reflect base flow, conditions. The 

downstream increase in discharge may be attributed to ground water discharge, direct 

rainfall on the river, runoff from the facility, and (possibly) stage increases occurring while 

discharge monitoring was taking place. It is impossible to establish with confidence the 

relative contributions of these factors. It is likely, however, that'ground water discharge 

accounted for a only a fraction of the discharge increases observed on 25 July and 20 

August. Based on the data gathered during river discharge monitoring, ground water 

discharge along the facility reach of the Pawtuxet River probably is not measurable by 

stream discharge monitoring.

j/-:'
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The amount of ground water discharge to the river per unit area of watershed along 

the facility reach was estimated. Wright and McCarthy (1985) reported that the amount of 

drainage basin added to the river from Elmwood Avenue to the Warwick Avenue bridge is

3.0 square miles. The distance from Elmwood Avenue to Warwick Avenue includes the 

CIBA-GEIGY facility reach and is roughly three times longer than the facility reach. 

Therefore, the assumption that all 3 square miles of watershed are added along the facility 

reach is very conservative. Assuming that the water table aquifer in glacial outwash 

sediments yields 1 million gallons per day to the river per square mile of contributing 

watershed (USGS-WRD, Providence, RI, personal communication), the amount of ground 

water discharge along the facility reach is predicted to be 3 mgd, or 4.6 cfs. Assuming 10% 

error variance, total stream discharge would have to be 46 cfs or less to permit resolution 

of a difference of 4.6 cfs between DSU and DSD. The time duration curve in Figure 5-5 

shows that total discharge at the Cranston gauge exceeds 46 cfs at least 99% of the time. 

Therefore, the river conditions required to detect a difference of 4.6 cfs occur only 1% of 

the time.

Another way of estimating the amount of ground water discharge to the Pawtuxet 

River along the facility reach is to use measured aquifer properties such as hydraulic 

conductivity and saturated thickness. Slug tests conducted as part of the Phase IA 

hydrogeological investigation yielded an average hydraulic conductivity (k) approximately 

equal to 200 gallons per day per square foot (gpd/ft2; see Table 4-3). Multiplying k by 

saturated thickness of the aquifer (b) gives transmissivity (T) in gallons per day per foot. 

The hydrogeological investigation suggested that b, the saturated thickness of the aquifer at 

the site, is a maximum of 50 feet. Transmissivity is the amount of groundwater discharge 

through a section of the aquifer measuring one foot by one foot by the thickness of the 

aquifer over a unit drop in head (Fetter, 1980). In fact, the highest drop in head observed 

at the facility was 0.100 feet per horizontal foot, so transmissivity must be multiplied by 

0.100 to give the ground water discharge for a part of the aquifer measuring 1 foot by 1 foot 

by 50 feet. Finally, the facility reach is approximately 0.5 mile or 2640 feet long. Therefore,
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the transmissivity value for a part of the aquifer measuring 1 foot by 1 foot by 50 feet should 

be multiplied by 2640 feet.

200 gpd/ft, x 0.100 ft/ft x 50 ft = 1000 gpd/ft 

1000 gpd/ft x 2640 ft = 2,640,000 gpd

2,640,000 gpd/1,000,000 = 2.64 million gallons/day 

2.64 mgd = 4.1 cfs

The value of 4.1 cfs is applicable to the aquifer on one side of the Pawtuxet River. 

To calculate the ground water discharge to the river from both sides of the river, 4.1 cfs 

must be multiplied by 2, so 8.2 cfs is the expected ground water discharge to the Pawtuxet 

River based on measured aquifer properties.

The calculation of aquifer transmissivity assumes that all ground water discharge is 

horizontal. This assumption is not valid for the water table aquifer at the CIBA-GEIGY 

site because vertical gradients were observed in several nested pairs of piezometers. 

Therefore, some of the ground water included in the 200 gpd/ft2 actually flows upward and 

will not discharge to the river until some later time. Finally, boring logs indicate that a 

saturated thickness of 50 feet is a maximum, and that most locations at the facility are 

characterized by smaller saturated thicknesses. Therefore, the estimate of 8.2 cfs for ground 

water discharge to the Pawtuxet River along the facility reach may be a high estimate. J'‘

To summarize, the three estimates of ground water discharge to the Pawtuxet River 

along the facility reach, based on the different estimation methods described here, are as 

follows:

Stream discharge monitoring estimate — unmeasurable 

Watershed characteristics-basea estimate -- 4.6 cfs 

Aquifer properties-based estimate -- 8.2 cfs (maximum)
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Comparison of these estimates indicates that actual ground water discharge along the facility

ireach probably cannot be quantified using river discharge monitoring methods.

5.5.2 Comparison of Calculated Water Discharge along the Facility Reach to the USGS

Instantaneous Discharge Values at Cranston

Instantaneous discharge values at the USGS stream gauge at Cranston are calculated 

by the USGS using the rating table and measurements of river stage collected automatically 

every hour, on the hour. These instantaneous discharge values from the USGS gauge at 

Cranston were compared to the instantaneous discharge values calculated as part of the 

Phase IA investigation as shown in Table 5-5.

For 25 July and 20 August, the instantaneous discharge values at the Cranston gauge 

are considerably larger than the values calculated at the facility reach. On 25 July, the rainy 

conditions affecting discharge measurements at the facility appear to have affected the river 

at the Cranston gauge to a much greater degree. A heavy downpour at the Cranston gauge 

may have caused the large increase in stage and discharge. However, this large increase, in 

discharge would have arrived at the facility reach only after a period of several hours., It 

is possible that discharge at the facility reach increased to approximately 500 cfs after the 

discharge monitoring activities were complete on 25 July. A similar sequence of events may 

have produced the higher instantaneous discharge values at the Cranston gauge on 20 

August. The cause of the variability is the highly localized nature of summer rain and 

thunderstorms.

For 3 August, the instantaneous discharge values at the Cranston gauge are slightly 

lower than those calculated for the transects along the facility reach. The river appeared 

to be under base flow conditions on 3 August because there had been virtually no rainfall 

since 25 July. Therefore, the slight increase (3-10%) in flow downstream probably indicates 

ground water contribution to the river between the USGS gauge at Cranston and the facility 

reach.
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5.5.3 Erosion and Deposition of Sediment in the Pawtuxet River along the Facility Reach

The flow regime of a river refers to a range of streamflows exhibiting similar 

bedforms, resistances to flow, and modes of sediment transport. Essentially, flow regime is 

a classification scheme to describe conditions of sediment erosion, transport, or deposition 

in a river. The flow regime in the Pawtuxet River along the facility reach can be described 

either based on bedforms observed on the river bottom or based on calculation of the 

Froude number because flow regime, bedforms, and the Froude number are interrelated 

(Morisawa, 1968). The Froude number is defined as

sfgD

where V = mean velocity, g - gravitational constant, and D = depth. When F << 1 

(much less than 1.0, lower flow regime), flow is tranquil and ripples are formed on the bed. 

When F < 1 (less than 1.0, lower flow regime), flow is somewhat faster and dunes are 

formed on the riverbed. When F > 1 (greater than 1.0, upper flow regime), flow is rapid 

enough to form plane beds. Finally, when F >> 1 (much greater than 1.0, upper flow 

regime), antidunes are formed.

No bedforms were observed on the fathometer output during bathymetric surveying 

of the Pawtuxet River along the facility reach. (If bedforms were present, their height would 

have been less than 0.5 feet. That is, due to drift in the calibration of the fathometer, 

bedforms less than 0.5 feet high may have been missed.) Therefore, evaluation of the flow 

regime of the river by observation of bedforms was not possible. Instead, the Froude 

number was calculated.

The most conservative way to evaluate flow regime (and, in turn, the potential 

bedload transport of contaminated sediments) is to calculate the Froude number using the
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highest observed stream velocity. The highest stream velocity observed was recorded on 25 

July on DSD. The mean velocity was 1.12 ft/sec; the river was 8.80 feet deep at this 

location. Using a value of 981 cm/sec2 as the gravitational constant, the Froude number is

'■i
0.07. Because F = 0.07 is much less than 1, flow in the Pawtuxet River is in the lower part 

of the lower flow regime. At most, ripples would be the expected bedform. '

The nature of the riverbed sediment also must be considered relative to the potential 

transport of contaminants on the sediment. The sediments are characterized by low CEC 

and TOC, indicating that the likelihood of adsorption of contaminants on the sediments is
• X/

low. In addition to the relatively low potential for adsorption of contaminants on the 

sediments, the suspended sediment discharge is quite low. With the exception of the silt at 

SD-F03R, the median grain size of all the riverbed sediment samples is in the range of sand 

and gravel. Miller, et al. (1977) determined values of the flow1 velocity at' 1.0 meter above 

the bed that were required to initiate movement of quartz-density grains at 20° C. The 

values range from 0.9 feet/sec for very1 fine-grained sand to 2.6 feet/sec for granules 

(gravel). Since 1.12 feet/sec was the maximum mean flow velocity observed during the 

investigation, it is concluded that bedload transport of sediment is minimal in the Pawtuxet 

River along the facility reach under the conditions observed during the investigation.

The relatively low amounts of silt and clay in the riverbed sediments and the 

relatively low suspended sediment discharge may be caused by flow regulation of the 

Pawtuxet River. Gregory and Walling (1973) report that reservoirs are often used for 

studies of basin sediment yield, because accretion of sediment in a reservoir directly reflects 

the sediment yield of the tributary watershed. The water released from any given reservoir 

is therefore relatively free of suspended material. Because river flow velocities downstream 

'of the reservoir may support a considerable suspended sediment load, it is likely that 

suspended material will be "pirated" from the riverbed. Ultimately, the riverbed loses the 

firier-grained material, leaving a coarser-grained lag deposit as the riverbed sediment. This 

process could account for the loss of fine grains documented in the grain size profiles for
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many of the riverbed sediments (Appendix E), and maybe applicable to the Pawtuxet River 

along the facility reach.

Based on the conditions observed during this investigation, erosion, transport, and 

redeposition of sediment in the Pawtuxet River appear to be minimal at this time, possibly 

due to flow regulation. The suspended load is low, the riverbed sediment is mostly coarse

grained, and flow velocities are insufficient to resuspend all but the silt-sized sediment.

The data, and inferences drawn from the data, appear to be somewhat inconsistent 

with sedimentation rates reported in the literature for the Pawtuxet River. There are at 

least two explanations for this inconsistency. The most important factor is that conditions 

in the watershed have changed. For example, construction of Interstate Highway 95 

probably affected the amount of suspended sediment in the river. Construction of several 

shopping centers may have decreased the sediment yield and increased the runoff from the 

watershed. The conditions described for the Phase IA investigation represent current 

conditions only.

*

Another explanation for the apparent inconsistency is that published sedimentation 

rates were calculated using a methodology that is probably inappropriate for river 

sedimentation. The estimates of sedimentation rates were based on the position of 

anthropogenic marker compounds in sediment cores. In addition, the sediment cores were 

collected near the banks of the Pawtuxet River. The position of marker compounds in the 

sediment can be controlled by numerous erosion and redeposition cycles and bioturbation. 

Use of anthropogenic marker compounds for dating sediment in a river, (in contrast to a 

lake) yields highly questionable results. Therefore, published sedimentation rates are not 

representative of conditions in the main channel of the river. It is possible that erosion is 

taking place in the main channel concurrently with sedimentation along the channel margins. 

These considerations resolve the apparent inconsistency between, published sedimentation 

rates and the Phase IA investigation results.

5-21CGPH1ARE.MPD



Flood conditions were not observed during the investigation. It is likely that 

significant erosion, transport, and redeposition of riverbed sediment occurs during flood 

events on the Pawtuxet River. .

5.6 SUMMARY

The Phase IA hydrological investigation of the Pawtuxet River along the CIBA- 

GEIGY facility reach indicates that:

o Facility reach depths range from 2 to 9 feet, and bathymetry indicates the 

presence of pools and riffles. * , , „

o Stream discharge ranged from 130 to 382 cubic feet per second (cfs) during 

the investigation.

o Suspended sediment discharge under the observed flow conditions ranged 

from 0.26 to 18.5 long tons/day.

o . Riverbed sediments are composed of sands and gravels except at TR-F02 and 

, TR-F03, where silts are present. All sediment samples exhibit low cation

exchange capacity, total organic carbon, and pH.

o Under base flow conditions (3 August); the instantaneous discharge values of 

the river at the USGS Cranston gauge compare well with the values 

; calculated at the facility. On 25 July and 20 August, however, the comparison 

.is probably invalid due to the effects of variable rainfall along the Pawtuxet 

River.

o Estimates of ground water discharge to the river along the facility reach vary 

from being unmeasurable to 8.2 cfs. Given the underlying assumptions made
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J for each estimate, it is likely that the actual ground water discharge to the

facility reach is less than the amount that can be quantified using river 

discharge monitoring.

Most of the goals of the hydrologic investigation were met during the Phase IA 

investigation.

o The location, elevation, depth, width, flow rates, and Rhode Island state 

classification of the Pawtuxet River were described. Seasonal variation of 

conditions in the river was not quantified because the investigation took place 

only during July and August.

o "'Flood potential of the river‘was4documented in Volume I of the RFI 

Proposal.

o On-site drainage patterns were not observed during Phase IA. However, this 

goal will be carried into the Phase IB investigation.

’ o ; It was not possible to define riverbed sediment depositional'' areas based on 

! '' the bathymetry of the river along the facility reach, because riffles may reflect

resistance to erosion (rather than deposition). The low Froude number and 

suspended sediment discharge rates appear to indicate very low sedimentation 

rates under the flow conditions observed during the investigation.

o The thickness of riverbed sediment was not resolved by the fathometer used 

for bathymetric surveying. Push core recoveries were 17 inches or less, so the 

riverbed sediment is at least 17 inches thick in some areas.

o Physical properties of the riverbed sediment were described;
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o Seasonal variation in suspended sediment and bed sediment transport was not 

documented because the investigation took place only during July and August. 

A low Froude number and the relatively large grain size of the riverbed 

sediment indicates that bedload transport was minimal during the 

investigation. Suspended sediment transport also was low. The Phase IA 

investigation documented that suspended sediment discharge increases with 

increased water discharge. £‘

The results of the Phase IA investigation of the Pawtuxet River along the facility 

reach do not warrant any significant change in the revised work, plan for die release 

characterization to be conducted during Phase IB. Eleven riverbed sediment samples will 

be collected using a hand corer device at the locations shown in Figure 5*9. The cores will 

be driven a maximum of 1 foot into the riverbed. Recovery may be less than 1 foot 

depending on the nature of the sediment. If coring is not feasible due to the presence of 

gravel, grab sediment samples will be collected with a grab sediment sampler. The variation 

of grain size across the river channel will be evaluated by collecting five additional samples 

for particle size analysis (along a transect to be established during the . Phase IB 

investigation). Surface water dip samples will be collected rat seven locations (shown in 

Figure 5-9). '

Sediment samples and surface water samples will be analyzed for the constituents of 

concern in Table 4-5 in Volume I of the Facility Investigation Work Plan. In addition,
w* i

surface water dip samples will be analyzed for total suspended sediment. If the sediment 

samples are gravelly, the chemical analysis for metals; and major ions will not be possible, 

and the results of organic compound analysis may be biased in an unquantifiable way due 

to inhomogeneity in the sample.
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TABLE 5-1; DISCHARGE SUMMARY TABLE FOR THE 

v PAWTUXET RIVER

., CIBA-CEIGY FACILITY, CRANSTON, RHODE ISLAND

DATE DISCHARGE SURVEY UPSTREAM 

(°DSU") :

DISCHARGE SURVEY DOWNSTREAM 

. ('DSD')

WATER

DISCHARGE

(cfs)

% OF TIME 

DISCHARGE 

EQUALLED OR 

EXCEEDED**

ELEVATION 

: OF CLOSEST 

STAFFGAUGE 

(feet)

SUSPENDED 

SEDIMENT . 

DISCHARGE~ 
(gram/sec)

WATER

DISCHARGE

(cfs)

% OF TIME 

DISCHARGE 

EQUALLED OR 

EXCEEDED **

ELEVATION 

OF CLOSEST 

STAFF GAUGE 

.(feet)

SUSPENDED

SEDIMENT

DISCHARGE

(gram/sec)

7/25/90

8/3/90

8/20/90

337 35% ■ 7.48

138 . 78% . 6.54

147 . ‘ 75% : " 6.70

158

10

• 15'

. 382

' 130

-s / '

> * Vj
" 190

**This category Is based on USGS computer calculations of daily flow statistics 

. for the Pawtuxet River, with a period of_record ranging from 1941 to 1985. -

cfs - cubic feet per second.

30%

80%

61%

7.19

6.41

6.68

218

3

24

(
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TABLE 5-2. SEDIMENT DESCRIPTIONS, MEDIAN GRAIN SIZE, 

AND CRITICAL VELOCITY TO INITIATE PARTICLE MOVEMENT 

PAWTUXET RIVER 

CIBA-GEIGY FACILITY 

CRANSTON, RHODE ISLAND

tr.
c-

SAMPLE FIELD to

NUMBER DESCRIPTION

SD-F01 r Brown gravelly sand with thin layer

of silty sand at sediment-water c 

interface. *• “ "?

SD-F01AR Brown medium-coarse sand with

gravel.

SD-F02R Dark brown silty sand.with

hydrocarbon odor. S

SD-F03R Dark brown silty sand.with

hydrocarbon odor.

sd-fosl Gray medium-coarse sand.

’ . M
SD-F06L*** Brown gravel to cobbles with

some sand.'

sd-fotr*** Brown gravel to cobbles with

somesand;;

SD-F10R Brown gravelly sand with some

silt. Some roots'and leaves.

v *4** -' .

* REFERENCE: Leeder(1982) 1 ■ v

** REFERENCE: Miller et a! (1977) ^

*** Grab samples collected with Shipek sampler. 

NA = not applicable

Cl
CO

RECOVERY

(Inches)

10

17

13

,v 1601

9

NA

NA

10

MEDIAN 

GRAIN SIZE 

(mm)

3.9

: -> O

0.25

0.16

<
0.062 i:' 

0.58

V16 '■

31

2.1

UDDEN- 

WENTWORTH 

CLASSIFICATION 

OF MEDIAN 

GRAIN SIZE*

GRAVEL/granule

SAND/medium

SANp/fine

1 u
SILT/coarse

SAND/coarse

GRAVEL/pebble

•>
GRAVEL/pebble

GRAVEL/granule

i > -i
j-

o

c\ o
00 0?

o a
;0

-< .n 
.C •»'

o &

CRITICAL 

VELOCITY 

TO INITIATE 

PARTICLE 

MOVEMENT** 

(ft/s)

4.6

1.6

1.2

1.0
V

-1.9 

6.2 

8.9 

2.7 '

. i •_>>
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TABLE 5-3. ANALYTICAL RESULTS FOR RIVERBED SEDIMENT SAMPLES

PAWTUXET RIVER 

CIBA-GEIGY FACILITY 

CRANSTON, RHODE ISLAND

SAMPLE

IDENTIFIER

DATE OF . 

COLLECTION

CATION

EXCHANGE

CAPACITY

(meq/IOOg)

pH . 

(standard) 

(units)

:■ TOTAL 

ORGANIC 

CARBON 

'x(mg/kg)

DRY

BULK

DENSITY

(pcf)

POROSITY

(%)

SD-F01R

SD-F01AR

SD-F02R

SD-F03R

SD-F05R

SD-F10R

7/26/90

7/26/90

7/25/90

7/25/90

7/25/90

7/25/90

ND

ND

5

ND

8

1

5.42

,5.52

6.00

5.79

5.58

5.69

110 

■- 440 

9900 

20000 

290 

1900

Note: 1. All samples were also analyzed for particle size distribution;

98.1 

"-101.0: 

54.6 

-•47.6 

'91.1 

89.3

2. SD-F06L and SDrF07L were analyzed fo 

ND ~ not detected. 5 7 7

particle size distribution only.

34.5

32.5 

60.2 

6L3 

39.1 

42.V

_.j

o

v • \ \>

j.'-
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TABLE 5-4. TYPICAL VALUES OF CATION EXCHANGE CAPACITY (CEC), 
FOR SELECTED MATERIALS

MATERIAL

CATION 

EXCHANGE 

CAPACITY, -..;.— - 

“ '>;;£,{roeq/100grams) - (

;y.:

Kaolinite* 3 to 15

lllite* 10 to 40

Chlorite* 10 to 40

Smectite (montmorillonite)’ 80 to 150

. '.::>Vermiculite* lOOto 150~sV'r'v,’:-'^
• 1533L .;t7 - - • ~.r!C . -i■"!

-- -- /•.'.S'^A;-. j •?%-iU '‘..--v. . r-
...... >200

.■ i .r:i.'3; :vo ’ow : I!j

Spirorganic matter 

v:r. Sand**

Sandy loam**

•j-

Loam**

2 to 7 ■:*£

2 to 18 :i:r

8 to 22

Silt Loam’ 9 to 27

Clay Loam^. 

Clay**

Grim (1968) 

Dragun (1988)

4t0 32,: ... , . fPl} ,:J,

5 to 60

O 1;;,4^C-lV'. . Pf r-i 7U
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TABLE 5-5. COMPARISON OF INSTANTANEOUS DISCHARGE: 
VALUES CALCULATED AT THE FACILITY REACH (DSU and DSD)

COMPARED TO

VALUES FROM THE USGS STREAM GAUGE AT CRANSTON

DATE

7/25/90

8/3/90

8/20/90

TIME

1100

1800

1100

INSTANTANEOUS. _ _ INSTANTANEOUS 
DISCHARGE ' 'A'1 DISCHARGE AT

ATDSU*!,M? v USGS CRANSTON GAUGE 
(Cubic feet per second) (Cubic feet per second)

337

138

147

5( o:

r or vo

592

123

226

DIFFERENCE
BETWEEN USGS CRANSTON 

AND FACILITY REACH** 
(Cubic feet per second)

-255

15

-79

DATE

7/25/90

8/3/90

8/20/90

TIME

1300

1700

1300

INSTANTANEOUS e/O'Ot- INSTANTANEOUS DIFFERENCE
DISCHARGE DISCHARGE AT BETWEEN USGS CRANSTON

AT DSD* _ USGS CRANSTON GAUGE AND FACILITY REACH** 
(Cubic feet per second) " (Cubic feet per second) 1,1 :j|1(CubicieeVper second)

382

130

190

r ;ji

o " oj

c 3

■"<: o: G

538

126

252

-156

. l 4

-62

* DSU denotes ’Discharge Survey Upstream", a monitoring transect established along the facility reach.'/i 

DSD denotes ’Discharge Survey Downstream, a monitoring transect established along the facility reach.

Go “ 3 r‘*7b!O
** Negative discharge differences reflect a sign convention. When discharge is greater at the USGS Cranston gauge 

than at the facility reach, the discharge difference is negative.
.r} rnnO -- 
: jgetC «

■ A0 \'d be:<.'6;1o ,0M yet ;->nnO Done by MD, checked by CM
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Measurement locations

Distance, in feet, from the initial point to the measurement location 

Depth of water, in feet, at the measurement location 
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Area of a partial section (A^): b5-b3
ln- '•~2—
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Discharge of a partial section <q^); = a^V^

where V= mean velocity at

Discharge of the river (Q): Q s I (q« + ^2 + ^3 + * •
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FIGURE 5-7. COMPARISON OF THE USGS RATING CURVE TO 
THE RATING CURVES FOR DSU AND DSD 

CIBA-GEIGY FACILITY 
CRANSTON, RHODE ISLAND
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SECTION 6

CONCLUSIONS, IMPACT OF THE PHASE IA RESULTS, AND 

RECOMMENDATIONS FOR ADDITIONAL WORK

6.1 OVERVIEW

This section presents the conclusions and impacts of the Phase IA investigations and 

recommends further work. It has five subsections. The conclusions are presented in Section

6.2 and are based on the results of the physical characterization tasks described in Sections 2 

through 5. The impact of the Phase IA results on the Phase IB investigation is discussed 

in Section 6.3. Recommendations for additional work (not included in the RFI Work Plan) 

are presented in Section 6.4. Section 6.5 is a summary.

6.2 CONCLUSIONS

Geophysical Results. The following conclusions were drawn from the results of the 

three geophysical surveys:

1. The depth to bedrock beneath the facility averages 50 to 60 feet.

2. The average depths to bedrock in the three study areas were as follows:

o Production Area - 50-60 feet below land surface; 

o Waste Water Treatment Area - 45-60 feet below land surface; and 

o Warwick Area -- 60 feet below land surface.

3. A dense till of varying thickness overlies the bedrock.

4. The average thicknesses of till in the study areas were as follows:
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o Production Area -- 10-15 feet;
j. o v-iiv'r;" -i.7 !

o Water Treatment Area - 10-30 feet; and 

o Warwick Area -- 20-30 feet.
;v,.! .vboTh-sd fcn.> ii/T 

'*r|: va yf-''1 '

5. The overburden deposits, which consisted of tine' sands, silts, clays, and some

gravels, were characterized by gradational facies changes in both the vertical
,, . , . V -■tAo-.h ;o ho-u-jcr* v;:

and horizontal dimensions.

*.*•;/'* * c

...diii ■: 2ri

6. Ground-penetrating radar (GPR) was not successful in discriminating
_ „ fjiiiwodol -.;T .:'ha.yj7fJ k->':ii<:(o:>7cibyi-l

subsurface features at the site; ...............
joiai^aaovd

-* v

7. Electrical resistivity was a more effective method than seismic refraction in
*YJ i-"--* rfT? *!'T -• 7 h-y ("I 7i'' Vil '

differentiating bedrock, till, arid individual units of the overburden deposits.
•:'jXoc.I vrw. n> rsaibmvi ’.xhasu o bts.vnv/ob s ohe >iT(u-oo'-l

Geological Results. The following conclusions were drawn from the results of the
, . !;djr;2.oc l.-iyr-/. : ;n-;db;rT!i^ 2T;i

geological investigation:

"t r-‘~ r j ■ =» r j j r/:-> y *■ >rr: 1 p''i‘“,<a'70f‘ A ~
17 " Bedrock beneath ^the facility consists of partially metamorphosed sandstones

•?0f! r\j iy 'O .. r^V'frj:
and shales, consistent with lithologies of ther Rhode Island Formation.

hnz 01 20. -- 'r^oc(ij£tAU'h3y±ic-:yiy- o

2. Till was encountered ihJsevefai‘borings.LJ

-a: :r, ?#jxyt av ii jiw.* ?.;rV'-:bi:03 ynh^cilfl r v.' i* Tr-mbai
3. The variable nature of the overburden deposits is consistent with a

glaciofluvial and/or fluvial deposition.
;jiCi.r3i:bdt>7r:: iiir'jKjicnovfl

U/7i iinavs iiniioJinorn wib. JssT/fj sdj moil bomluo's/j j'-jyf.yy , J
4. - The overburden deposits are more complex than anticipated based on the

7't>toa v:ri3uar7: -3*-T* r/jj V» ..nai-ri J.u)2 bt. td* n...... ,
‘Phase IA results and' on previous data. Individual units appear to be

f‘- a; ’■ i "rb* j.- • ■
discontinuous both vertically and horizontally.

'jiiz <iHi It n.
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5. Good correlations were made between the boring data and the electrical 

resistivity data.

6. Till and bedrock have similar seismic velocities and cannot be distinguished 

reliably by the seismic refraction method. Higher-density deposits overlie
'Sfn.Oo b. .•;'•'/>! D io !>.. !.'rj i.J
. . , lower density deposits. Hence, the seismic refraction method is not the

geophysical method of choice for differentiating the overburden soils, till, and 

bedrock at the site.

c: [ijv.ssriu* Urn -sva?
Hydrogeological Results. The following conclusions were drawn from the results of 

the hydrogeological investigation:

n? roij.:.3’r 3ira-;:sa kuSi boi'jOfn a1 2.'. ynivir?:;?!

1. , In. the bedrock aquifer,.thereJs a net upward potential gradient at three
.iTisioqs" n7i.a:j'n7 '-'; on: ;o mum wn un:\ jo

locations and a downward potential gradient at one location.

?)fu ;0 rjrjJ i’i'.OV. .Jliw 2rrdT ;GU\V0:.
2. There are significant upward potential gradients within .the ^overburden.

,3. . Apparent horizontal potential gradients Awere determined as follows:
vr to \°n on; n;:;:::7:;0 j^onosci .1.

o.,. bedrock aauifer ~ .003.to .005: . .
no- 'vrrriG;. 1 rsjcr “irn7":o <*£• n:'>:o j/r;/ ?nor.:; ,700 .-oau.oia orm

0 deep overburden aquifer — .02 to .1; and

o shallow overburden aauifer — .013 to .1. ___
.--------- :..................... ........ A.' —fio rd >or;- .-:nv.’ 10!.

.. Hvdroloeical Results. The following conclusions were drawn from the results of the
.G ilUW fmitiZFF'j ' si; ,OOTG' T .'O' ?"!> . UH;-; 0 0;r"Gn ail 1 .C

hydrological investigation:

1. , Discharge values calculated from the three discharge monitoring events fall
nil* nr- mand ootiV-iO;. m 'nfjnj xoianr':- S'^Ou-r 2;:^KTvn .-orr, ayr vo sn •; °

. ^ witlun the 30th and 70th percentile range^of the discharge frequency statistic

reported for the USGS gauge at Cranston, Rhode Island.
r ' :/) .or ® non v>i?yjvy-y riioo < . ;no.;/'-:;£fb

2. Working rating curves were developed for the transects at this site. 
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3.

4.

Relatively low concentrations of suspended sediment were detected at both 

the DSD and DSU transects at all three observed.flow conditions.

;qA 'to i b5.v/if><7.; so

Bed sediment is primarily sands and gravels except along the bulkhead where

samples were finer-grained. ii ?iOH ZyiOiTAGViXmAOOSS!. -Kb

5.

6.

No bedforms having amplitudes greater than, six inches^ere obsery^d.

.;or/0‘.:q o: bo.orir;tT.fn;o:o;>' > /..■:) 0 a/«< :;o, /Eo royoH'U'-.'b

The Froude number calculated for the,maximum

that the observed river conditions are within r; Iqyyer, ^ow^reg^ne,- 

Therefore, bedload sediment transport rates appear to be low under the 

conditions observed. The monitoring events did not include flood conditions*

flow ratqpbserve4indjca^es:

6.3 IMPACT:OF;PHASp;IA ^_.r.'n0,:i L saouriiinoo Isr.c.-friihbe s-.-tfiT

oi 3ij iir^v Dfirioc tit‘T'0 w'lorr; or /v;o'iqiio;j'■

SamplipigJocatipnsior^he^Phase,IB,investigatic^',are,j)i;espAtedfn.figures 6-1 and

6-2...pptails£pf ^eyPhase^ mvestigation.nrejpresented inJthe,p.Fp\yp(rk JJan (Volume 1, 

Chapter 3, Section 4). The Phase IA results suggest the following/ip>pacts,pn the Phase IB 

investigation:

sri; -^Kuifiva qtetf o.? l>r.>nsvbo od ilr.v corrbod IsrcohrbbB /oiAGO o

^Q?K,,0, ^Ajinajo^mpdjficatipns. to.thej sampling strategy,.proppspcJ.-fP1" the release 

.! r.d ;ri, ;

■ fj^inorlocational changes are recommended fpr.mpnitpijcjg^ells intended to

-3vH .sis; wiU be based

^ vj,. ^pnjpur current (13iSeptember 1990) water tabje .pontour jHiap.

o Screen settings also will be modified based on our current understanding of 

site stratigraphy and on boring data.

AG 13
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o Anomalous headspace results were detected in soil samples from boring 

is Because these hits could not be attributed to known past facility

^ releases or methane interferences, soil samples from a boring near P-21D will

be analyzed for Appendix IX volatile organic compounds.

'jV-'rV'V aril ynols iq.vjxs :-iz c

6.4 RECOMMENDATIONS FOR FURTHER WORK

-r~~;■‘'Review* and evaluation of the Phase-IArresults identified new data gaps. Additional 

characterization studies are recommended to provide a better understanding of the facility's 

piiysicaFeiivirbiirhent: - 'kebdnl&endati6hs:<for'>ad(iitibnal work (not included in the RFI

Work Plan) '‘are presented here'7 * l>; ;;

c..i hol od o.1' iccnqs ssu-ri ncqg.ifcd bixim

Geological NMed^bu!-;‘-:on Vi?J sriT ...

o Three additional continuous sample borings will:be advanced to define better 

the facility's stratigraphy in more detail. One boring will be located in the 

uns ^ ; -Northwest corner “of the1 Waste Water^Tfeatmerit^ea'j the'bthef borings will

> :be lbcat^'in5%e“ western “Section0 of-tSe7 Warwick' ArSa l(as ’shown in

31 ssndH cm fp]g>lJrerS"1ll)'=ri‘tv/01":"<^ 3(15 A) yr\T .0- noiio:*; A

o Off-site, two additional borings will be advanced to help evaluate the 

S '£:.j!r. ill; 'hy'drosiratigraphic conditionsatttie facilityAllie bbnngsi:w>ill be located north 

and west of the Waste'WatefTTreatmferitlAfre’ai (as,sh6wri5inMFigure 6.1).

c. j,;] *,:sbi|a^inpies‘',frbni'borings ■will'’be‘tested' in the labdratoryLtb differentiate 

)j.;sd sc* iU*! bSivvedii' fibe-graified XsilfeJ^ahdl Very fine-graiiie'd' (clay)Materials. Every 

other ^oil^skmpie1 from borings aiSvahced^in FPhase IB wilVbe analyzed for 

grain size.

’ •̂• t’-ibr.u . ;;ju r j ' -il*bo:rt jd flr/v o mcyj?. o

" annod ■'
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o
To classify soils better in Phase IB, all soil samples,submitted for geotechnical 

analysis also will be tested for Atterberg limits (and moisture content).

Hydrogeological Needs
>, -A

o On-site, the new stratigraphic borihgs^will b^cCmfpleied Si'd^p piezometers. 

A shallow piezometer will be'Sfstahkd^ ^isd 'Arthe^^buth^rn Warwick Area 

location but not at the other IbfiatibiiS1 Where ffi6y^^f6'ntiy fe)dst (as shown in 

Figure 6-2). These nested'^idibmeterffia^*s wll'|jfSlade1''data needed to

characterize further the ground water flow directions and hydraulic potential
,. , ruA:./:ss:y,, c.h

gradients.

o Off-site/ the 'Stta^ap^c1 bonnes 'will’ be t&iripTete'd'1 al deep- piezometers.

Shall6\V' mdriit6iin^uweilsf'will',:&Ml‘ b^ilfstMMi': hPfhe1 lOchtidns' tb' ‘evaluate

'Vrr.-ft * TTuj fi wMUiUitr./'•;< TI
background water qhaiity.

.br.-bijt'mci-.'oiJ'; r/,s: J'ry* i&n/Ahrfrio^ritfib'jfrr

o To evaluate the site hydraulics better, the following tasks will be performed:

In Phase IB, all existing monitoring wells and piezometers will be 

rehabilitated.

Water level measurements will be taken monthly, not quarterly.

o Long-term automatic ground water level monitoring will be performed in a 

few selected wells in the Production Area.

o Small-scale step-drawdown tests will be performed in the Production Area.

o Short-term constant rate pump tests will be performed on selected wells in the 

Production Area (rate and duration to be determined from step-drawdown).

fee
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.f.'.r'O.rrK
first sampling is completed.

Hydrological Needs

, r(p, s. s^ac^y^ter^sajpples.cpUected from the Pawtuxet River during Phase IB 

,.s.. a j..v. • will.be ^nalyzed for total suspended solids (TSS). Addition of this analyte will

„i ;IV/Od'i ,(;) fc.l,

0; ... _ .characteristics jof _the. water samples...

knraoa o^csih’Tf bun .uvjifisnb v;c! 1 v.-nyv bfujoiri n..
6.5 SUMMARY

£s Jy^TqTrfCf'T 5o‘‘Fu:7“j:7!17g':C”;7yy r |pvPs^Sa^on? the impact 

on the Phase^inyestigatiopj ^ndjreco^mendatipnSjfgr^^ditiona^work. Overall, no major

modifications to the Phase IB investigation are.-reguired, Tbut...a,,;ttumber of minor 

modifications for additional work are recommended.

rbisimoic;-- !!i«v m.slh 3;;/v7oi;Gl Otif rvuusiLvrl sh-: oT <.

fliw >rcc-i3rr:ost;?q b;i 3 ?.[N.-v /jnhc-kno.n he .cJ i ?'<.?,<\<:i rJ

vhsjiiJbp von .vin-nufj-: nobt'- .‘n hiw kb'

■> ni tismio’s 37 Klv/ %■.! "Oikcry k T'dsvf bn^cx-i; i7n’-;J-3r:oJ 0

/'•v;.--. rybukyb.. :rb 0; db.*-' L-sb-bri.: v/si

.sSw-i/- noibLd-^T'T an; 3d uiv/ir'vcbv/*vr>a*.n;: 0

3b-b b • b.rr.-rd - .:Dc-r :rb [L1--/ y; omen shsi m^noc yrb i-narid o

f*twcbw:rib-*j^*e '■■b Ls-'' -;b b Q: ao/br;* ns 3?hi; .nub.

6-7
0‘O /■ *. d '
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